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433MHz Remote Switch Kit 


Suitable for remote control of practically anything 
up to a range of 200m. The receiver has 
momentary or toggle output and the momentary 
period can be adjusted. Up to five receivers can be 
used in the same vicinity. Short-form kit contains 
two PCBs and all specified components. 


+ Requires case and 9-12VDC power 
+ PCB: Tx: 85 x 68mm; 

Rx: 79 x 48mm 
KC-5473 


$4495 
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Do Not Disturb Phone Timer Kit 


| 
i | 


Stop intrusive phone calls when you don't want to 
be disturbed. Set the timer 
duration to one of five settings 
between 15 to 120 mins and 
the caller will get an engaged 
signal until the timer times out. 


* Kit supplied with silk- 
screened PCB, black 
enclosure. 

KC-5521 





DC to DC Converter Modules 


DC voltage converter modules that will output user selectable voltages (excluding AA-0238). 
These could be used to power 12VDC devices from a 6VDC motorbike 


battery or to run 12VDC devices from a 24VDC 
source such as those found in trucks. 


+ Protection against short-circuits, overload and overheating 


+ Compact size and features mounting holes 


1.5A AA-0236 

* 6-28VDC input, 3-15VDC output $24.95 
2.0A AA-0237 

* 6-14VDC input, 11-26VDC output $29.95 
1.1A AA-0238 

+ 24VDC input, 12VDC output $24.95 


FROM 


$2495 


Garbage & Recycling Reminder Kit 


Easy to build kit that reminds you when to put which 
bin out by. Up to four bins can be individually set to 
weekly, fortnightly or alternate week or fortnight 
cycles. Kit supplied with silk-screened PCB, black 
enclosure (83 x 54 x 31mm), pre-programmed PIC, 
battery and PCB 
mount components. 


* PCB: 75 x 47mm 
KC-5518 


$2995 


F scan cai [oscar] 
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Mains Timer Kit for Fans & Lights 


This simple circuit provides a turn-off delay for a 
230VAC light or a fan, such as a bathroom fan set 
to run for a short period after the switch has been 
tuned off. The circuit consumes no stand by power 
when load is off. Kit supplied with PCB, case and 
electronic components. See website for a list of 
alternate capacitors for 
different time periods. y | 


+ PCB: 60 x 76mm 
KC-5512 


$3995 





Multi-Voltage Regulated 
Adaptor Module 


Low-powered DC converter for 
many car applications. Also useful 
for PC applications, just connect to 
your internal power supply and you have 
switchable regulated voltage from 3-15VDC*. 


* Output current: 1.5A 
+ Size: 63(L) x 24(Dia.)mm 


AA-0236 


AA-0372 





NOTE: “Input voltage MUST be larger 
than the required output voltage. 





IR Remote Extender MKII Kit 


Operate your DVD player or digital decoder using its 

remote control from another room. Picks up the signal 
from the remote control and sends it via a 2-wire cable 
to an infrared LED located close to the device. 
























+ Kit supplied with case, screen 
printed front panel, PCB with 
overlay and all electronic 
components 

* Requires 9VDC and 2-wire cable 
for extending the IR-Tx lead 
(use WB-1702 $0.50/m). 

+ PCB: 79 x 


47 
Ko-5432 $2 695 


Tempmaster Fridge Controller Mk II Kit 





Turn an old chest freezer into an energy-efficient fridge 
or beer keg fridge. Or convert a standard fridge into a 
wine cooler. These are just two of the jobs this low- 
cost and easy-to-build electronic thermostat kit can do 
without the need to modify internal wiring! Short-form 
kit contains PCB, sensor and all specified 
components. You'll need to add your own 240VDC 
GPO, switched IEC socket and case. 


+ PCB: 68 x 67mm 
KC-5476 


$3295 


$995 


Headlight Reminder Kit 


Features include a modulated alarm, ignition and 
lights monitoring, optional door switch detection, 
time-out alarm and a short delay before the alarm 
sounds. Kit includes quality solder masked PCB 
with overlay, case with screen printed lid and all 


electronic components. 
$2795 


* 12VDC 
+ PCB: 78 x 49 mm 
Automatic Headlights Kit for Cars 


KC-5317 


PETTING 



















Like modern cars, this kit will turn your car 
headlights on automatically. 


+ Kit supplied with double sided, @ 
solder-masked and screen- 
printed PCB, diecast case, 
buzzer and electronic components. 
Cabling not included. 

* 11.5-15VDC 

KC-5524 
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Courtesy Interior Light Delay Kit 













This kit provides a time delay in your vehicle's interior light, for you to buckle- 
up your seat belt and get organsied before the light dims and fades out. It has 
a 'soft' fade-out after a set time has elapsed, and has universal - 
wiring. Kit supplied with PCB and all electronics 


components. 
$4995 
S 


* 12-24VDC 
KC-5392 


GPS Data Logger/Tracker Kit 


Precisely records where your car or boat has travelled over time, which you can 
playback on software such as Google® Earth to map your journey. Kit supplied 
with silk-screened PCB, enclosure with label, pre-programmed PIC, GPS 
module, and electronic components. The SMD components are 

already pre-soldered to the PCB to save you the hassle. 









+ Records onto a SD card (available separately) 
+ Records point-of-interest at the touch of a button 


* 12VDC powered 
$449 








KC-5525 






www.jaycar.com.au 
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14 Your House Water Pipes Could Electrocute You 






Most people don’t realise that significant currents can flow through their 
home’s earth wires and metal pipes. If the earth is faulty, it could be lethal 
— by Leo Simpson 


Digital Audio File Formats Explained 
There are lots of ways to store and transmit audio data in digital format. We 
take a look at the various formats and their differences — by Nicholas Vinen 


Is Your Wireless Microphone Soon To Be Illegal? 

The deadline for legally using the vast majority of wireless mics in Australia is 
fast approaching and you could be fined if you keep using them. We look at 
what will be legal and what won't — by Ross Tester 


Review: Atlas DCA75 Pro Semiconductor Analyser 
Peak’s popular semiconductor analyser now has a larger graphical LCD plus a 
USB interface to allow a PC to plot various curves for semiconductor devices 
— by Nicholas Vinen 










_ Nirvana Valve Sound 
Simulator — Page 32. 
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44-Pin Micromite Module 
— Page 42. 





Nirvana Valve Sound Simulator 
Want to get ‘valve sound’ from a solid-state amplifier but without using valves? 
Now you can, with the Nirvana Valve Sound Simulator — by John Clarke 


It's just like the Micromite described in the May & June 2014 issues but with a 
much more generous 33 I/O pins. Here’s how to build it onto a PCB with a USB 
connector, a power LED and a programming header — by Geoff Graham 


Completely revised unit is ideal for converting a chest freezer into an energy- 
efficient fridge, converting a fridge into a wine cooler or controlling a home-brew 
set-up. It can also control heaters in hatcheries, fish tanks and other gear and 
can be adapted to control 12V fridges and freezers — by Jim Rowe 


Build A Resistor/Capacitor Substitution Box 

A resistor/capacitor substitution box can save a lot of tears and angst and is 
just the shot when troubleshooting or designing circuits. This one even lets you 
switch resistors and capacitors in series or parallel — by Ross Tester 





Some things we just can’t fix — by Dave Thompson 


Circuit Notebook 

(1) Temperature Control With A Fridge/Freezer Thermometer; (2) Simplified 
10V Precision Voltage Reference; (3) RS232-to-TTL Serial Interface For The 
Micromite; (4) Simple Measurement Of Capacitor Leakage Resistance; (5) 
Telephone Status Indicator Uses Two Optocouplers 


AWA Empire State 5-valve radio — by Associate Professor Graham Parslow 
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Publisher's Letter 


Electricity is a boon; electricity 
is a killer! 


This month we have an article which highlights a 
hidden hazard of domestic electrical systems whereby 
the plumbing in a house can become lethal. How can 
this be? It is mainly due to corrosion and it turns out 
that your average plumber is more aware of the prob- 
lem than most electricians. Why is that? Because if a 
plumber replaces a length of copper pipe in your house 
or needs to remove or replace your water meter, he can 
be exposed to the risk of electrocution. 





The reason for this is that heavy electrical currents can-flow in your water 
pipes and through your water meter. If the water meter is removed, there may be 
the full 230VAC applied between the two pipe ends! If the plumber is unfortu- 
nate enough to touch the two pipe ends, he could be electrocuted. Fortunately, 
most plumbers are aware of this and before they even think about removing 
a water meter, they bridge across it with a heavy jumper lead — to provide a 
continuous path for the hazardous current. They should do the same thing 
if they need to replace a length of copper pipe elsewhere in your plumbing. 


You can read about how this hazard comes about in the article, starting on 
page 14 but even if you don’t read it, you should be aware of the basic message. 
In short, if you lose the Neutral connection from your home’s switchboard to 
the power pole in your street, your water pipes could hold this lethal threat. 
Nor will you know anything about it unless you do some checks. All of your 
electrical appliances will continue to operate normally, by the way. 


Perhaps you may be thinking that because you have RCDs (Residual Cur- 
rent Devices or safety switches) installed in your switchboard that everything 
is ‘hunky dory’. Well, the RCDs may well protect you and your loved ones if 
one of your appliances develops an electrical fault but they will not give any 
protection against the hazard of electrical currents flowing in your water pipes. 


“Oh, well”, you might be thinking, “provided no-one disturbs the water pipes, 
nothing further can happen”. Well that could be a tragic conclusion because the 
loss of the Neutral connection can also ultimately lead to all the pipes in your 
household becoming “live” and lethal. You could be electrocuted next time 
you take a shower. Think that is far-fetched? There have been several cases of 
this happening in the last few years. Ignorance is not bliss! 


Indeed, the impetus for this article came about because of a letter from one 
of our regular correspondents whereby some of his close relatives living in a 
rental premises complained to the landlord about getting ‘tingles’ in the shower. 
The landlord regarded it as trivial and passed it off, saying that the previous 
tenants had lived with it for six years. But our reader knew better and advised 
his relatives to complain to their electrical retailer. And just as well that they 
did — they had lost the Neutral connection at the power pole and were living 
with the substantial risk of electrocution. 


Now I am not advocating that people should be tampering with their electri- 
cal systems in any way. But people should know about our MEN (Mains Earth 
Neutral) system and how it can develop a hazardous condition. Furthermore, I 
believe that people who know about this are fundamentally safer than the vast 
majority of the population who are completely ignorant about the workings of 
electricity. If you ever hear about anyone getting ‘tingles’ from their water taps, 
make sure that they advise their electricity retailer immediately. They will get 
an immediate response and the problem will be fixed. 


Leo Simpson 
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Rohde & Schwarz: 
German engineered 
quality at an 
unexpected price. 


Established more than 80 years ago, Rohde & Schwarz is a leading 

global supplier in the fields of test and measurement, broadcasting, secure 
communications, and radiomonitoring and radiolocation. 

We help you develop the technologies of the future. Here are our 

latest innovations in the field of oscilloscopes and power supplies. 


by Rohde & Schwarz 





Want to know more? 
Visit: www.rohde-schwarz.com/value 





AUGUST 2014 3 


siliconchip.com.au 





Interference caused by NBN Fixed 
Wireless installations 

Recently, I had an NBN Fixed Wire- 
less installation undertaken at my 
home at Deep Bay which is one hour 
south of Hobart. The installation con- 
sists of the outdoor antenna/transceiver 
(ODU) and the NBN Connection Box 
which is located inside the house. The 
two units are connected by RJ45 data 
cable, in my case approximately five 
metres in length. 

I immediately noticed interference 
to all AM radio services, taking the 
form of a loud “crackle “ of approxi- 
mately two seconds duration, every 
30 seconds. I notified my service pro- 
vider, iiNet, who logged it as a fault 
and arranged for NBN to rectify the 
problem. 

NBN attended and removed the v2 
ODU and installed a v1 ODU. This 
eliminated the interference. Prior to 
NBN rectifying the fault I had emailed 
the ABC reception advice service who 
phoned me back and advised me to 
contact ACMA. 

I emailed ACMA who confirmed 
receipt of my complaint and the suc- 
cessful resolution of the interference. 


Ethernet over power (EOP) 
only works on single phase 

I have been employed in the tele- 
communications/IT industry for over 
40 years and have had my fair share 
of new phone system installation 
challenges. A couple of years ago, 
one customer remotely located out 
west needed a phone system for his 
office staff and workshop but did not 
have any phone infrastructure wir- 
ing to accommodate it. After much 
deliberation, we planned to install an 
IP system connected to their normal 
PSTN lines and with IP extension 
phones connected via EOP adaptors 
of a well-known reputable brand. 

All went fine on site until install- 
ing the last phone in a workshop in 
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This interference does not appear to 
be limited to me. There are on-line 
discussion forums concerning the 
problem. The NBN technician infor- 
mally confirmed that the problem is 
widespread and that reversion to the 
v1 ODU was a known cure. 

I am concerned that the NBN is 
installing v2 ODUs in the tens of 
thousands, which they know causes 
interference to AM radio services. 
There is also the potential to impact 
on amateur radio HF frequencies. 

Chris Holliday, VK7JU, 

Deep Bay, Tas. 


Ethernet over power 
works well 

I read the article in the June 2014 
issue on the Edimax HP-5101K Ether- 
net over power lines system. I thought 
that is just what I needed since for 
some reason the Ethernet cable from 
my office to my workshop, 30m away, 
went down. I suspected a mouse as the 
culprit and thought that rather than get 
under the house and run a new cable, 
this was for me. 

ordered it from Jaycar, plugged it in 
and got instant connection. It actually 


which we could not get connectivity 
via IP to the main system. Swapping 
phones and reprogramming the sys- 
tem gave no success. Then the penny 
dropped. Being an industrial site, 
the main power box had all three 
phases split off to their associated 
power points. Of course, the work- 
shop power point happened to be 
on a separate phase to the phase for 
all the offices. 

Calling in a local sparky confirmed 
this and he rewired this particular 
point back to the same phase as the 
office. This solved the problem and 
connectivity for the system was fixed. 

In the EOP adaptor instructions 
it is specified that they must be in- 
stalled at power points on the same 
















downloads from the Web quicker than 
the WiFi connection inside my house. 
In the Mailbag page of the July issue 
the question was raised as to whether 
it would work on different phases. The 
answer is no. 

My brother thought he would try it 
from his house to his workshop, but 
it would not work. He suspected that 
the circuit breakers were limiting the 
signal so he eliminated a very old 
Clipsal circuit breaker from the circuit 
and it worked; not sure why, maybe 
burnt contacts. 

So for anyone who wants to use this 
system, I am very impressed. 

Peter Lowe, 

Maclean, NSW. 





Electric cars still 
have some way to go 

Nissan built and ran an electric car 
in the Le Mans 24-hour race recently. 
The good news was that did a lap time 
of four minutes 22 seconds. The bad 


phase only. I can understand this as 
even though the 3-phase transformer 
was located next to the building, 
with transformer losses, etc, you 
couldn’t expect reliable transfer of 
high-frequency modulated signals. 

Many years ago, power companies 
were looking at supplying broad- 
band internet via their power lines. 
A local employee told me that they 
were going to compete against Tel- 
stra’s proposed ADSL rollout. They 
discovered that every phase had to 
have its own modem located at each 
power transformer output as data 
transfer across phases was unreliable 
and lossy. 

Warwick Talbot, 

Toowoomba, Qld. 
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THE BROADEST OFFERING 
IN THE MAN-MACHINE INTERFACE MARKET 


vireo SS URE neers 





MORE THAN 
50 000 PRODUCT 
PART NUMBERS 


CUSTOM SOLUTIONS 
ENTIRELY DEVELOPED TO 
CUSTOMERS’ SPECIFICATIONS 





SWITCH PANELS LED INDICATORS 





Auckland, New Zealand 


[4,17 WelshpoolRd. 5E, 14 Waikumete Road 
JAMES WA 6102 Glen Eden 0602 
7 +6189470 2211 : T. 0800 443 346 
F: +618 9472 3617 F: + 64 09 813 0874 
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ANTRIM 
TRANSFORMERS 


manufactured in 
Australia by 
Harbuch Electronics py ita 


harbuch @optusnet.com.au 


Toroidal — Conventional Transformers 
Power — Audio — Valve — ‘Specials’ 
Medical — Isolated — Stepup/down 
Encased Power Supplies 


Toroidal General 
Construction 


OUTER men 
INSULATION 
OUTER 
WINDING 


WINDING 
INSULATION 


Comprehensive data available: 


www.harbuch.com.au 


Harbuch Electronics py it 
9/40 Leighton PI, HORNSBY 2077 
Ph (02) 9476 5854 Fax (02) 9476 3231 












AS GOOD AS THE DAY 
THEY WERE 
BORN! 


_} Magazines are 
sneaky things: 
left to them- 
selves, they'll 
hide, they’ll get 
crushed, folded, 
spindled, dog- 
eared, pages will 
disappear... . not 
good when you ¥ 
want to refer to an — 
article in the future. 


A SILICON CHIP binder will 
keep your copies in pristine 
condition = and you'll 
always be able to find them 


* Each binder holds up to 14 issues 
* Made from heavy duty vinyl 
* Easy-fit wire inserts 


ORDER NOW AT 
www.siliconchip.com.au/sh 
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Mailbag: continued 


Argo drones had no part 
in search for MH370 

I have received my July 2014 is- 
sue of SILICON CHIP with the Argo 
article. Was it an Argo drone that 
someone, maybe the CSIRO, modi- 
fied-and dropped from an aircraft 
to detect the Malaysian Airlines 
MH370 aeroplane pinging? Also is 
it the Argo System satellites that 
detect the bushwalker emergency 
alarm system that sells for around 
$400 dollars? 

Roderick Wall, 

Dandenong, Vic. 

Dr David Maddison replies: 

No modified Argo floats were used 
to detect the pinging of the missing 
aircraft’s flight data recorder or 
cockpit voice recorder. The pings 
(which are now thought to have 
been spurious) were detected by 
a purpose-built device owned by 
the US Navy called the Towed 
Pinger Locator 25, see http://www. 


navy.mil/navydata/fact_ display. 
asp?cid=4300&tid=400&ct=4 which 
was borrowed from the US Navy 


and towed by the Royal Australian 
Navy’s “Ocean Shield” vessel. 
Argos System satellites do not 
detect distress signals from PLBs 
(Personal Locator Beacons, typically 
used by bushwalkers and for other 
land-based use), ELTs (Emergency 
Locator Transmitter, typically used 
on aircraft) and EPIRBs (Emergency 
Position-Indicating Radio Beacons, 
typically used at sea). These beacons 
operate at a frequency of 406MHz 
and signals from such devices are 
detected by a combination .of both 
geostationary satellites and low- 
earth orbiting polar satellites. 
These satellites are purpose- 


news was that it was about a minute 
slower than the other cars and it could 
only doa single lap at even that much 
lower speed before it ran out of bat- 
tery power. 

Gordon Drennan, 

Burton, SA. 
Comment: Nissan’s ZEROD (Zero 
Emission On Demand) is a hybrid 
electric racing car with a 1.5-litre 3- 


















built for environmental monitoring 
however they have a self-contained 
instrument package attached to 
them known as SARSAT (Search 
And Rescue Satellite Aided Track- 
ing). This package receives signals 
and retransmits the data from such 
signals whereupon it is brought to 
the attention of Search and Rescue 
(SAR) authorities. 

This satellite-based SAR system is 
known as the International Cospar- 
Sarsat Programme and was founded 
in 1979 by the USA, Canada, France 
and the former Soviet Union. It is 
now supported by around 26 coun- 
tries, including Australia. 

The geostationary satellites can 
detect distress signals immediately | 
within their field of view but cannot 
provide location data if the beacon 
does not transmit GPS coordinates. 
The low-earth orbiting satellites 
can provide Doppler location if the 
beacon does not transmit position 
data however it may take some time 
before the satellite is within view of 
the beacon. 

The detection of a signal by the 
geostationary satellites is still useful 
for SAR authorities without position 
data as the signal will identify the 
distress beacon. Personal contacts 
registered against that beacon ID 
and other data may then be able to 
tell authorities of the likely approxi- 
mate location of the distressed per- 
son prior to position confirmation 
by the low-earth orbiting satellites. 

Note that old-style distress bea- 
cons operating at 121.5MHz have 
not been monitored since 1st Feb- 
ruary 2009 and should not be used. 
If you purchase a beacon, it is sug- 
gested that it be GPS-enabled. 
















































































cylinder engine that produces 290kW, 
two electric motors, lithium ion battery 
packs and regenerative breaking. Ap- 
parently, it can be manually switched 
to operate in either mode. 

At Le Mans, the car managed to 
reach a speed above 300km/h and 
complete a lap using electric power 
only, which was a record for an electric 
car. It subsequently retired after about 
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Value Test Instruments” 


Oscilloscopes 








RIGOL DS-1000E Series NEW RIGOL DS-1000Z Series 








NEW RIGOL DS-2000 Series 





» 50MHz & 100MHz, 2 Ch 
> 1GS/s Real Time Sampling 
» USB Device, USB Host & PictBridge > 12Mpts Standard Memory Depth 


FROM O09 ex GST FROM >654 ex GST 


Function/Arbitrary Function Generators 


> 7O0MHz & 100MHz, 4 Ch 
> 1GS/s Real Time Sampling 








RIGOL DG-1022 


» 20MHz Maximum Output Frequency 
» 2 Output Channels 
» USB Device & USB Host 


ow 439 cs 


‘NEW RIGOL DG-1000Z Series 


>» 30MHz & 6OMHz 
» 2 Output Channels 
> 160 In-Built Waveforms 


FROM 688 ex GST 








RIGOL DP-832 


RIGOL DSA-815 


> 7OMHz, 100MHz & 200MHz, 2 Ch 
» 2GS/s Real Time Sampling 
> 14Mpts Standard Memory Depth 


rons 34 ex GST 





RIGOL DG-4000 Series 


> 6OMHz, 100MHz & 160MHz 
» 2 Output Channels 
» Large 7 inch Display 


FROM 5890 ex GST 


Multimeter 











= figs 


RIGOL DM-3058E 











» 9kHz to 1.5GHz 
» 100Hz to 1MHz Resolution Bandwidth 
> Optional Tracking Generator 


FROM $1,450 ex GST 


> Triple Output 30V/3A & 5V/3A 
» Large 3.5 inch TFT Display 
» USB Device, USB Host, LAN & RS232 


ONLY 460 ex GST 


> 5 1/2 Digit 
> 9 Functions 
» USB & RS232 


ov SEAT ex GST 


Buy on-line at wwW.emona.com.au/rigol 


Sydney Melbourne Brisbane Adelaide 
Tel 02 95193933  Tel0398890427  Tel07 32752183 Tel 08 8363 5733 
Fax 02 9550 1378 Fax 0398890715 Fax 0732752196 Fax 08 83635799 


email testinst@emona.com.au 


siliconchip.com.au 


Perth 
Tel 08 9361 4200 EMON 
Fax 08 9361 4300 


web www.emona.com.au 
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Winter Fun - Our Popular 5 Kit Bonanza 

Just the ticket for your winter proje 

A FK109 2 LED Flasher, FK233 

Emergency Vehicle Siren 

with speaker, FK908 Soil Moisture 

Indicator, FK602 2W Mono All| 5 

Audio Amplifier (Uses the kits for 

FK233 Siren speaker) 

plus the FK401 Light- $25.50 : 

Activated Switch. Hours of Fun ___ inc. GST Plus $8.50 Pack & Post 
KSDVM-30 ULTRA-COMPACT 
4.5V-30VDC Digital Panel Meter 

Here's a meter that is range-optimized " 

for solar, automotive and 

trucking applications: 

Features:Bright 0.36" Red LED Digits, 

Snap-Fit Housing, 2 Wire Installation. 


MXA026 Stop-Watch 
& Clock Module 


Amazing Value $ 
inc. GST Plus SS 
$3.60 Pack & Post 


=-& modules on 
our website 


‘STO www.kitstop.com.au 
lOp abt Box 5422 Clayton Vic.3168 
TOP efunstarshere Tel:0432 502 755 


$63.76 sec eoonrar 


KIT. 


archive on 0VUD 


e Every issue individually archived, by month and year 
¢ Complete with index for each year 
¢ A must-have for everyone interested in electronics 


This remarkable collection of PDFs covers every 
issue of R & H, as it was known from the 
beginning (April 1939 — price sixpence!) 
right through to the final edition of R, TV 
ey &Hin March 1965, before it disappeared 
forever with the change of name to 
Electronics Australia. 
For the first time ever, complete and in one 
handy DVD, every article and every issue is covered. 
If you're an old timer (or even young timer!) into vintage radio, it 
doesn't get much more vintage than this. If you're a student of 
history, this archive gives an extraordinary insight into the amazing 
breakthroughs made in radio and electronics technology following 
the war years. And speaking of the war years, R & H had some of the 
best propaganda imaginable! 
Even if you're just an electronics dabbler, there's something here to 
interest you. 


NB: Requires a computer with DVD reader to view 
— will not work on a standard audio/video DVD player 
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Mailbag: continued 


Power station tours 
are no longer available 

I have just been planning a short trip which in- 
volves going past the Hazelwood Power Station in 
Victoria’s Latrobe Valley and was disappointed to 
discover that tours of the power station are no longer 
available as they once were. This power station is 
responsible for producing over 5% of Australia’s 
total energy requirements and it is a shame that in- 
terested parties cannot inspect this important piece 
of infrastructure (although there are viewing areas 
to see it from afar). 

Liability for accidents was cited as one of the 
reasons tours were stopped. As with the cessation 
of tours of most of the Snowy Mountains Scheme 
facilities which I mentioned in a previous letter to 
the Editor, it is a sad reflection of our society and laws 
which make such inspections so difficult as well as, 
perhaps, the attitudes of infrastructure owners who 
see tours as unimportant. 

Dr David Madison, 

Toora, Vic. 


five laps, apparently due to gearbox failure. 

The cars in the same 24-hour race which finished first, 
second, third and fifth, were all hybrids, made by Audi, 
Toyota and Porsche. 


RCA VoltOhmyst article 
& circuit loading 

The article on the RCA VoltOhmyst in the June 2014 is- 
sue was very interesting and informative. I especially liked 
the photographs. One of my long term projects is on RF 
diode probes. Is there a picture of the internals of this one? 

Regarding the AVO meter and its ‘loading’ or ‘burden’ 
on the circuit being measured causing inaccurate read- 
ings, many of the manuals published in England during 
the heyday of the AVO would state the the voltages given 
were measured with either an AVO or a 20kQ/V multime- 
ter; so the technician wouldn’t have to calculate the drop 
in voltage caused by the meter. 

Unlike electronic meters, the total load was depend- 
ent on the range used. In the AVO8 Mk.2, the DC ranges 
were 2.5V, 10V, 25V, 100V, 250V, 500V, 1kV & 2.5kV. The 
top three ranges gave loadings of 1OMQ, 20MQ & 50MQ, 
respectively, equal to or greater than many electronic/ 
digital meters. 

The AVO8s had a “REV MC” button which was a double- 
pole reversing switch connected to the meter movement. 
This did have to be held down to use that function, al- 
though in the later versions (model 9?) that became a press 
on/press off switch. I should note that I am a fan of the 
model 8 AVO. I still have the one I bought while a trainee 
with the GPO in London in the mid 1960s; it cost me about 
£30 (five weeks’ wages in those days). 

An observation on auto-ranging meters: some models 
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Fully Programmable Digital Universal Charger 
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12VDC Car Plug 


24VDC 1Amp Wall Mount 12VDC 4.2Amp Desktop 









Supplied as a fully 
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or PCB mountable 
to build into your 
project. 


The world’s most sophisticated small battery charger. Customisable, Versatile, Multi Chemistry & 
Designed in Australia by the Battery Experts 
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eamp for improved 
nsitivity and reduced 
O leakage. 
Thermometer for 
temperature correction 
and improved accuracy 
* _AM/FM/SSB/CW demod 
* USB 2.0 interface 
SA12B: $2,948 inc GST 
* Upto 12.4GHz plus all 
the advanced features of 
the SA44B 
* AM/FM/SSB/CW demod 
* USB 2.0 interface 
BB60A: $3,663 inc GST 


Up to 6GHz 
1PPS input for GPS time- 


stamping of recorded 
RF streams 
Simultaneously monitor 
two stations or stream 
the entire FM radio band 
to disc 

USB 3.0 interface 


Vendor and Third-Party 
Software Available. 


Ideal tool for lab and test 
bench use, engineering 
students, ham radio 
enthusiasts and hobbyists. 
Tracking generators 
also available. 


Silvertone Electronics 
1/8 Fitzhardinge St 
Wagga Wagga NSW 2650 
Ph: (02) 6931 8252 
contact@silvertone.com.au 
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Mailbag: continued 


Volcanoes not major emitters 
of carbon dioxide 

The letter from John MacDonald in 
the Mailbag pages of the June 2014 
issue, published with no attempt to 
verify his ‘facts’, does SILICON CHIP 
magazine a great disservice. The 
idea, that volcanic activity releases 
more CO, into the atmosphere than 
human activity has been doing the 
rounds for many years and is typical 
of this sort of disinformation based 
on a truth (volcanoes do emit CO2) 
followed up by an easily demon- 
strated falsehood. 

It relies on a lazy reader who ac- 
cepts (the obvious) first truth and 
then the follow-on false statement 
is more likely to be taken as truth. 
Those predisposed to conspiracy 
theories will agree with the first truth 
and stoke their paranoia with “And 
why haven’t we been told about this! 
Obviously, it’s a cover up.” The case 
in point regarding volcanoes has 
been shown to be false, by a factor 
of ~100! 

Check the following reference and 
follow the other references if you are 


in doubt: http://volcanoes.usgs.gov/ 


hazards/gas/climate.php 
Please consider and lend greater 


weight to accredited, reviewed 
sources of information. The kicker in 
this case is that the most significant 
climatic impact of volcanic eruptions 
is fine sulphate aerosols that lead toa 






































are unable to measure the resistance of 
high-value inductors, eg, the primary 
windings of toroidal mains transform- 
ers. The “back EMF” resulting from 
connecting the meter results in a low 
initial current (= high resistance). 
Then as the current rises, the meter 
changes down a range, causing a step 
in the current to the inductor and an 
increase in the back-EMF. The meter 
just keeps changing ranges and doesn’t 
give a stable reading. 

Rodger Bean, 

Watson, ACT. 


Right of reply 
In response to Bob Lile’s letter in the 
Mailbag pages of the July 2014 issue, I 


















net cooling due to reflection of sun- 
light. So a big eruption, as alluded 
to in the June 2014 issue, should 
actually lead to a cooling effect! 

The next problem with the letter 
is the anecdotal evidence that sum- 
mer is arriving later because the sea 
temperature is cooler, proven by an 
inability to now swim in the sea 
(when older) than some years ago 
(when younger). The first problem is 
itis a single point measurement and 
assumes the world will uniformly 
heat up. This is not the case — the 
weather, ocean currents etc are a 
complex system. 

Secondly, young bodies tend to 
be more tolerant and cope well with 
cold conditions than older bodies. 
Not knowing the relevant ages of the 
author and how far back he is recol- 
lecting, I can not say if this is the 
case for him. My anecdotal evidence 
is that 40-50 years ago I commonly 
saw icicles hanging off fences in 
winter but I have not seen these for 
many years! 

Kelvin Jones, 

Kingston, Tas. 

Comment: it is true that personal 
recollections may not be accurate 
or any indication of global climate 
trends. But neither can the citing of 
specific weather events (tornadoes, 
bushfires, heat-waves etc) by climate 
activists be justified to promote the 
fear of global warming. 


agree with many of his statements but 
a lack of understanding on my part 
is not one. Any time-dependent data 
set is only valid to the last time of its 
recording and even predicting some- 
thing to an hour later is extrapolation. 
The laws of physics and mathematics 
underpin everything in our physical 
world and they are invariant but that 
does not mean their usage is correct. 
I agree that boundary conditions 
are important. I worked for almost 11 
years as the technician assigned to 
supervise a university civil engineer- 
ing hydraulics (fluids) laboratory and 
I have seen the effects of tiny changes 
of physical models in which the laws 
of physics are for real. When the same 
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Mortar locating radar story 
solved a mystery 

My son sent me the article on the 
mortar locating radar in Vietnam 
(Serviceman’s Log, February 2014) 
and boy-oh-boy did it solve a 40- 
year old mystery! On those nights 
when mortar bombs were fired at us 
by the enemy in Nui Dat, always as 
we tried to sleep at night unless on 
sentry duty, we hoped the locating 
detachment would feed the mortar 
base-plate co-ordinates to our gun 
battery for counter fire. 





modelling is performed using com- 
puter simulation, the laws of physics 
must be implemented in algorithms 
and the accuracy of implementation 
is paramount. 

If tiny effects are smoothed in the 
simulation by taking larger element 
sizes, the inaccuracy per calculation 
may be very small. Repeat the process 
many times and the final inaccuracy 
can be substantial. 

I looked at the GFDL web page that 
Bob Lile quoted and it is obvious that 
the scientists have expended an enor- 
mous amount of work on their climate 
modelling and as good scientists do, 
they make their programs and data sets 
available. They also describe what they 
have done and the factors that they 
take into account. It is very impres- 
sive. However, the program and data 
files are huge. 

This makes it very hard to check that 
there are no mistakes that could skew 
the results. Also, are the models cor- 
rect in the first place? The researchers 
must make assumptions. It is literally 
impossible to resolve to the level of 
detail at which nature operates. If they 
were to try, we would all be long dead 
when the programs finished running. 

I looked at the graphs generated by 
their CM3 model in which the worst 
scenario results in a temperature rise 
of 5°C by the year 2100 and the least by 
2°C. Average earth temperature rises 
of these amounts require very large 
amounts of constant power input to 
maintain the temperatures. 

Applying the Stefan-Boltzmann law 
suggests power values of the order of 
millions of gigawatts. In other words, 
we would need to burn fossil fuels 
and generate nuclear or fusion power 
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Alas, we listened intently for 
the bang of our counter fire but it 
never came and now we know why! 
G. C. of Briar Hill, bless him, solved 
the problem after my departure in 
September 1968 so please pass my 
grateful thanks to him. 

It is nice to know that at last that 
VC mortar crew got their just des- 
serts! For me, it was a fascinating 
article. 

Peter Murray, 
(547 Signal Troop Vietnam 1968) 
Canberra, ACT. 


















































at many times the current rate for the 
worst scenario. 

This could occur with substantial 
population increase and particularly 
if everyone in the world achieves 
the same standard of living as the 
developed world. But that would be 
the result of consumption and not the 
result of an assumed climate change. 
However, regardless of the opinions 
of everyone in this debate concerning 
climate change and warming, eventu- 
ally the question becomes, “Do you 
trust the scientists?”. 

In response to Tim Herne’s letter, I 
suggest the following ideas. Without 
the climate debate, I do believe the 
world will have shortages of cheap 
energy and protein. I cannot suggest a 
solution to this but I do have a couple 
of pet ideas that could help. Firstly, it 
is a terrible shame to see the energy 
of bushfires wasted. Why don’t we 
harvest this fuel load? 

Surely, some experimental work 
could be done to assess its viability be- 
cause I can see three benefits. It would 
supplement our energy supply at base 
load. It would reduce the fire hazard, 
and it would provide jobs. Secondly, 
why don’t we try to emulate the algal 
blooms of the North Atlantic Ocean. 
We have large oceans surrounding this 
nation with areas devoid of sufficient 
nutrients. 

Again, why don’t we conduct trials 
providing the nutrients and see if we 
can produce the large fish stocks of the 
North Atlantic. Surely, itis worth a try. 
The main benefits are food production 
and carbon dioxide absorption besides 
employment. 

George Ramsay, B.App.Sc (Physics), 
Holland Park, Qld. 
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PCB? 


PCBs for most recent (>2010) 
SILICON CHIP projects are 
available from the 
SILICON CHIP PartShop 


- see the PartShop pages 
in this issue or log onto 


siliconchip.com.au/PCBs 


You'll also find some of 
the hard-to-get components 
to build your SILICON CHIP 
project, back issues, 
software, panels, binders, 
books, DVDs and much more! 
Please note: the SILICON CHIP PartShop 


does not sell kits; for these, please 
refer to kit supplier’s adverts in this issue. 










Perfect 
Partners: 


TLNYeTLMS 


HiFi Amplifier 
High performance, low 
cost — perfect for use with 
Mp3s, iPods; even with 
flat panel TVs! 


Horn Loaded 
Speaker System) 
Minimal floor space, uses | 
cheap 100mm drivers. A 


brilliant performer for not 
much cash! 










Both published in Oct 2013 


Want to know more? Log onto 


siliconchip.com.au/project/tiny+tim 
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Mailbag: continued 


CO, exceeds 400ppm threshold 

With reference to the Publisher’s Letter in the April 2014 issue, the sky 
fell on Hawaii in June, all because carbon dioxide levels peeped above the 
much-hyped 400 ppm hurdle. Chicken Littles all over the world squawked 
into their friendly media megaphones about numerous imminent global 
warming disasters. One warned: “the fate of the world hangs in the balance.” 
Similar alarms were rung when the 350 ppm level was passed. 

But nobody else noticed anything scary. Four pieces of well-established 
evidence say that 400 ppm of carbon dioxide in the atmosphere is not a 
concern. 

Firstly, there has been no increase in global temperatures since 1998, 
despite 16 years of rising carbon dioxide levels and heavy usage of carbon 
fuels. Clearly, CO2 is not the main driver of global temperatures. 

Secondly, the ice-core records show clearly, with no exceptions, that all 
recent ice ages have commenced when the atmosphere contained relatively 
high levels of carbon dioxide. The temperature fell first and then carbon 
dioxide levels fell. This proves that high carbon dioxide levels do not 
guarantee a warm globe but could suggest that they may be a harbinger of 
a coming ice age. Ice will cause far more damage to the biosphere than the 
even the worst warming forecast. 

Thirdly, current levels of atmospheric carbon dioxide are not extreme 
or unusual. Carbon dioxide reached 2000 ppm in the luxuriant era of the 
dinosaurs and 10 times current levels (4000 ppm) when the great Devonian 
coral reefs were flourishing. There is no tipping point into runaway global 
warming, or we would have tipped eons ago. 

Finally, current carbon dioxide levels are just above starvation levels for 
plants. All vegetation would grow stronger, faster, and be more drought re- 
sistant and heat resistant if carbon dioxide levels trebled to 1200 ppm. Such 
levels are no threat to humans — US submarines operate at up to 8000 ppm 
for cruises of 90 days. Topping 400 ppm should be a cause for celebration 
— it shows that Earth is emerging from the cold hungry years of the ice ages. 

Viv Forbes, 

Rosewood, Qld. 


For those who wish to read more: 


400 ppm is just a big yawn: 
http: 


Past Climates and carbon dioxide levels: 
http://www.geocraft.com/WVFossils/Carboniferous climate.html 
Nothing new about Climate Change: 
http://carbon-sense.com/2013/11/30/nothing-new-about-climate-change/ 


Current warming is just recovery from the Little Ice Age: 
http://vimeo.com/14366077 


Carbon dioxide lags not leads global temperatures: 
http:/Avww.co2science.org/articles/V6/N26/EDIT.php 


Home truths about carbon dioxide in the atmosphere: 
hitp://www.firstthings.com/article/2011/06/the-truth-about-greenhouse- 
gases 

Carbon Dioxide feeds the world: 
http://carbon-sense.com/2010/04/15/carbon-dioxide-time-lapse/ 
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Cheap USB chargers 

Can you please clarify the situation 
with cheap chargers, operating from ei- 
ther USB ports or 230VAC mains sup- 
plies? As you are aware, these chargers 
are the focus of a recent fatality. From 
news reports so far, the victim was 
listening to her phone via earphones 
while using a laptop computer. The 
phone was powered from the mains 
supply via a cheap Chinese-made 
USB charger. There was an apparent 
flash-over within the charger which 
resulted in 230VAC being transferred 
to the earphones; the resulting shock 
causing death. 

The availability of these chargers 
would seem to be widespread. Indeed 
by chance, I noted an article “Think- 
ing Inside The Box”, on page 76 of the 
February 2014 issue of SILICON CHIP. In 
the context of the article, reference was 
made to acharger operating from either 
a USB port or 230VAC mains supply. 
This unit, apparently available for $6 
from Hong Kong, looks to be identical 
to the currently suspect chargers. 

Accordingly, SILICON CHIP readers 
who have adopted this option may 
well be unwittingly exposed to the 
hazards of fire or electric shock. 

Initial reports seemed to be confined 
to multi-colour chargers but subse- 
quently ivory-coloured units were 
also displayed, ie, as in the SILICON 
Cuip article. My own concern relates 
to a charger for a “Kindle”, also pur- 
chased from Hong Kong via eBay. My 
“Kindle” doesn’t have an earphone 





Number of sockets on 
an isolating transformer 

I noted in an editorial comment 
to a letter on isolating transform- 
ers and in the letter from Peter 
Chalmers on this same subject, you 
were unable to find the AS/NZS 
3000:2007 reference for the require- 
ments for (1) the non connection of 
the. earth pin of the socket outlet and 
(2) the provisions required when 
two or more socket outlets are pro- 
vided on the output of an isolating 
transformer. 

The letter from Peter Chalmers 
does give some background on the 


socket, although I understand that it 
has some sort of audio feature. But 
my charger is frequently used unat- 
tended, sometimes when we’re absent 
from our home. Is it possible that my 
cheap charger could flash over and 
cause a fire? This situation would ap- 
ply to many people, eg, leaving mobile 
phones on charge overnight. 

As one news report highlights, 
“approved” chargers should carry a 
compliance symbol (a circled tick with 
a triangle around the outside). My “Kin- 
dle” charger carries no such marking! 

Advice from the NSW Office of Fair 
Trading is that such potentially dodgy 
chargers should have their pins bent 
(I'd waggle the pins and fracture them!) 
and then discarded. I’d like to be sure 
of precise identification of dodgy units 
before taking this drastic step. 
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use of two or more sockets on a 
common secondary winding of an 
isolation transformer. However, his 
observation on the use of a single 
socket outlet is able to be circum- 
vented by the use of a multi-way 
power board. 

The Australian Standard AS/NZS 
3000 does, however, provide for 
multiple appliances from an isolat- 
ing transformer common secondary 
winding and these requirements are 
detailed in clause 7.4.6 of AS/NZS 
3000:2007. 

Alan Cuthbert, 

Wellington, NZ. 


Maybe this could be the subject of 
an article in SILICON CHIP, in the gen- 
eral interest? Meanwhile I’ll be very 
carefully monitoring developments 
described in print and TV. In due 
course I assume there will be appropri- 
ate consumer warnings. 

Brian Graham 

Waverley, Vic. 

Comment: This is a very hot topic and 
one on which we hope to do an article. 

It could be argued we have gone 
backwards in terms of electrical 
safety, with all these switching power 
supplies which have done away with 
iron-cored transformers which pro- 
vided better isolation. Essentially, one 
should not use a mobile phone, MP3 
player etc while it is being charged. 
And if your home is not protected by 
RCDs, get them fitted. 


$1495.00 


inc. GST 
Includes 2 SmartReel™ reels of filament! 
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Your house 
Water Pac 
Eeoul@ 






ELECTROCUTE youl 


Do you have RCDs (so-called “safety switches”) fitted in your home’s 
switchboard? Do you think that eliminates the chance of electrocution? 
Well that isn’t the case because the copper water pipes in your home 
could easily become live and dangerous! That is why some people have 
been electrocuted in the shower... 


ndoubtedly modern Austral- 

j ian homes have safe wiring 

when they are first built. They 

would not be “signed off” as such 

before occupancy certificates were 
issued if they weren’t. 

But corrosion and wiring or plumb- 
ing modifications over the years can 
easily produce a dangerous situation 
which could cause a fatal electric 
shock. 

It is partly because of the M.E.N. 
Electrical Wiring System used in 
Australian homes. M.E.N. stands for 
“Multiple Earth Neutral” and is the 
system used for wiring the majority 
of domestic electrical installations in 
Australia. 

As specified in the SAA Wiring 
Rules (AS 3000-2007), the mains Neu- 
tral wire is connected to Earth at the 
user’s switchboard. 

In most houses this means that the 
230VAC mains supply is connected 
from the power pole in the street via 
two cables, Active and Neutral, with 
the Neutral wire typically connected 
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to Earth via the consumer’s water pipe 
(or a separate Earth stake). 

The Earth connection point on the 
water pipe is usually just at the point 
where the pipe enters your house. 
This is important because you need 
to examine it occasionally to make 
sure that the connection is sound. As 
we will show, that Earth connection is 
vital to the safety of everyone in your 
household. Typically, the Active and 
Neutral wires from the power pole to 
your house have a capacity of 70 or 
100 amps. This means that the maxi- 
mum electricity consumption (volts 
multiplied by amps) for the household 
is nominally 16kW (kilowatts) in the 
case of 70A mains and 23kW in the 
case of 100A mains. 

Happily, most homes normally use 
only a small fraction of their installed 
wiring capacity, although there would 
be times during winter evenings when 
it could be easily approached in large 





households when air-conditioning, a 
microwave oven, a stove and perhaps 
one or two other cooking or heating 
appliances are in use. 


Why M.E.N? 


“Multiple Earth Neutral” is a system 
which offers improved safety and 
lower losses in energy transmission. 
Let’s see why. 

In a normal single-phase 230VAC 
wiring system (which is what most 
households have), the nominal voltage 
of the Neutral wire coming into your 
switchboard is the same.as earth, ie, 
zero volts. But in practice, the voltage 
is a little higher because all the current 
from your house and your neighbours’ 
homes inevitably causes a voltage drop 
in the Neutral cable between your 
power pole and the nearest substation 
or pole transformer. 

This is because the resistance of the 
Neutral cable is not zero and the large 
currents passing through it inevitably 
means that there is some voltage pre- 
sent on the Neutral line. This voltage 
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SERVICE 
FUSE 


WATT-HOUR 
METER 


RIPPLE TONE 
CONTROL 
(OR TIME SWITCH) 


This simplified diagram depicts the electrical switchboard of a typical 
home using the “Multiple Earth Neutral” (M.E.N.) system. It does not 
take into account the fact that more Neutral connections are required _ 
than shown here (eg, to the RCDs and off-peak hot water tone control), 
nor the fact that some appliances (stoves, cooktops and air conditioners, 
for example) may be supplied from a circuit not protected by an RCD to 
minimise nuisance tripping. The Service Fuse may be mounted on the 
switchboard or it may be mounted on the barge board, etc, where the 


wires from the street are attached. 


is a loss in the energy transmission 
system and is part of the reason why, 
when energy demands are heavy, 
the mains voltage available at your 
switchboard is lower than it should 
be; the Multiple Earth Neutral system 
mitigates this to some extent. 

Because the Neutral wire is con- 
nected to Earth in your switchboard, 
there are actually two return paths for 
the current passing through the appli- 
ances in your home. 

Some of the current passes back 
along the Neutral line, back out to the 
power pole and thence via the power 
lines back to your local substation, pole 
transformer or whatever. The rest of the 
current passes back via the earth wire 
to the water pipe and then via good 
old Terra Firma itself to the substation. 

(Editor’s note: we have simplified 
matters here by ignoring the inher- 
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ent current balance of three-phase 
power energy distribution systems. 
For a brief explanation, see the panel 
headed, “Current flow, three-phase 
and all that”.) 

If you are not familiar with the 
mains distribution system this may all 
sound like heresy but it is true. Have a 
look at Fig.1 which depicts the simpli- 
fied 230VAC mains wiring of a typical 
modern household installation with 
electric (off-peak) hot water heating. 

This diagram shows the Active and 
Neutral connections to the switch- 
board. The Active wire is connected 
via two watt-hour meters, one feeding 
the off-peak hot water service and the 
other feeding the rest of the power 
circuits in the household. 

Following each watt-hour meter isa 
circuit breaker which is typically rated 
at around 80A (amps) and is connected 


CIRCUIT 
BREAKERS 





via the RCDs (residual current devices) 
which protect the power and lighting 
circuits in the household. From there, 
a number of circuit breakers feed the 
individual circuits for the stove, oven 
and GPOs. 

By the way, in the Australian wir- 
ing standards (AS/NZS3000), power 
points are referred to as GPOs which 
stands for General Purpose Outlet. 

All the Neutral return wires from 
the household power and lighting 
circuits are connected together at the 
Neutral Link. This also connects to all 
the earth wires from the power and 
lighting circuits as well as the main 
earth wire, which in turn connects to 
the water pipe or in some cases to a 
mains earth stake driven well into the 
ground. It also connects to the Neutral 
wire which comes directly from the 
power pole. 
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On this one pole are the Neutral and three Active phase wires (on the crossbar 
at top) with the Neutral having the most connections; below that are two cable 
TV/broadband services and telephone lines. Normally, the phone and at least 
one cable TV line (Telstra) would be underground but this pole sits in a hole 
drilled into solid rock. Note that we haven’t mentioned an Earth wire — under 
the M.E.N. system, the Earth connections are virtually always made at the 


consumer’s premises. 


(We are ignoring the separate Neu- 
tral links which are used for each 
RCD. These additional links are used 
because the RCDs monitor the balance 
between the Active and Neutral cur- 
rents in their respective circuits). 

So it is a fairly straightforward cir- 
cuit and it would be natural to assume 
that all the current which comes in 
via the Active feed wire goes out via 
the Neutral wire. In other words, the 
current in the Active wire is equal to 
the current in Neutral wire. 


It ain’t necessarily so! 

It is possible that as much as half (or 
even more) of the return current goes via 
the Earth wire and the remainder goes 
via the Neutral back to the power pole. 


Current flow, 3-phase and all that 


To take a particular example, if you 
were using a 2400-watt radiator which 
draws 10 amps from the Active line, 
6 amps might go via the Earth wire to 
the water pipe and the remainder, 4 
amps, would go via the Neutral return. 

The simple explanation for this is 
that the resistance of the Neutral cable 
back to the substation or pole trans- 
former is slightly higher than the very 
low resistance via the earth path to the 
same point. Ergo, some current goes 
via Earth and some goes via Neutral. 
It can’t all go via Neutral. 

Having come to terms with this 
previously unconsidered fact, what 
does it mean? It means that the supply 
authorities are able to obtain lower 
supply losses in the return path than 


they otherwise would if the M.E.N. 
system was not used. They also 
experience less voltage flash-overs 
from Neutral to Earth during thun- 
derstorms in appliances which are 
permanently connected. 

A common example of this used 
to occur in stove heating elements. 
Even though the stove or oven might 
have been turned off, a lightning 
strike on a power line would cause 
many stove elements to break down 
to chassis. 

With the MEN system this is much 
less of a problem. 


Wherein lie the problems? 


Corrosion is the first problem. 
Since many small appliances these 
days use thyristor power controls 
there is inevitably a DC current im- 
posed on the mains supply. Some of 
this current will flow via the connec- 
tion between the Earth wire and the 
water pipe. And the very presence of 
DC will accelerate corrosion which 
naturally occurs when dissimilar 
metals are used, as they normally are. 

Ultimately, corrosion of the con- 
nection between the Earth wire and 
the water pipe will mean that the 
connection will be broken. Or if it 
does not become physically open- 
circuit, its resistance may be so high 
as to be useless. 

OK, so that means that if you 
have lost the Earth connection and 
an appliance such as your washing 
machine breaks down from Active to 
chassis, the chassis could be lethal. 
That is bad enough but consider an- 
other possibility which is even more 
likely and happens quite frequently. 

If corrosion has occurred in the 
connection between your main Earth 
wire and the water pipe, is it not 
just as likely that corrosion has pro- 
gressed in the Neutral connections 
between your house and the power 
pole? Of course it is. What that means 











We have made a number of simplifications in the 
writing of this article. The first is that we have said that 
current flows from Active to Neutral or from Active to 
Earth, as the case may be. In fact, since we are talking 
about 50Hz alternating current, the current changes its 
direction 100 times a second. 

It is convenient to think of current flowing from the 
Active line though, because in the words of an electrician 
we know, “It’s the Active line that gets ya. It’s the one 
with the juice!” 
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The second simplification involves the concept of 
Neutral current flowing back to the substation, pole 
transformer or whatever. This ignores the fact that 
domestic mains power distribution from the power 
pole has three phases, each of 230VAC (with 120° phase 
difference between each). In an ideal system, the currents 
should be balanced so that there is no current flowing 
in the Neutral line. 

Domestic systems are typically single-phase, so 
appreciable current does flow in the Neutral return. 
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is that the Neutral return could now 
have an appreciable resistance and 
could easily be around 5 ohms or more. 

If that is the case, all of the return 
current will go via the Earth and water 
pipe. But what ifthe Earth connection 
has broken? What that means is that if 
you now have an appliance drawing 
5 amps, the voltage impressed across 
the Neutral return path from the 
switchboard to the power pole will 
be 25 volts AC. 

Hmm. So the Neutral link will be 
floating at 25 volts AC above Earth. 
And all the earths from the various 
points in the house are connected to 
the Neutral link. So every appliance 
plugged in will have its chassis float- 
ing at 25 volts AC above earth. In time, 
this could get much worse. 

So your fridge, washing machine, 
toaster and microwave oven could 
all be sitting there silently with their 
metal cabinets at a substantial voltage 
above earth. Touch one of those and 
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a properly earthed metal object, such 
as your kitchen sink, at the same time, 
and it could be curtains! 

It does happen. 

Of course, another corrosion sce- 
nario is also possible and it also does 
happen. What if corrosion in the 
Neutral connection has resulted in 
high resistance or an open-circuit? 
In that case, all the current will flow 
in the Earth. All your appliances will 
continue to work and will be perfectly 
safe. Your RCDs will continue to moni- 
tor for any imbalance between Active 
& Neutral currents into your electrical 
system. No problem. 

But all that current is now flowing 
in your Earth connection. And in 
many homes, that Earth connection is 
via your water pipes. If you have an 
AC clamp meter, your can check this 
yourself. Just wrap the clamp around 
the water pipe just where it goes via 
your water meter, as. you can see in 
one of the pictures in this article. You 


BEY, 





can see the clamp meter is reading a 
substantial AC current! 


Does this ring alarm bells? 


Well, it should. That water meter is 
a potential death trap! 

Ifa plumber needs to disconnect the 
water meter, he may be interrupting a 
circuit in which a substantial mains 
current is flowing. If the water meter 
is removed, there could be a very high 
voltage between the two ends of the 
pipe and there is a danger that the 
poor unsuspecting plumber could be 
electrocuted. 

Fortunately most plumbers know 
about this hazard and before removing 
a water meter, their standard practice 
is to bridge around the water meter 
with a set of car battery jumper leads, 
before it is removed. 

Mind you, plumbers have been 
known to create a hazard further 
downstream from the water meter by 
replacing a length of copper pipe with 
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s it should be. The load (inside the house) was a nominal 2400W heater, so the total 
current drawn is just shy of 10A. That’s what we’d expect to see on the main Neutral line (the left photo). But it’s only 4.32A 
— the other 5.06A is actually flowing through the (green/yellow) Earth wire in the photo at right. If your Earth connection is 
in any way faulty... 


If this isn’t enough to scare you, perhap 
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plastic, thereby breaking the Earth con- 
nection and creating a shock hazard. 

So what might be the likely signs 
that you have a hazardous condition 
in your wiring or water pipes? Perhaps 
the most dangerous is where people 
receive an electric shock or tingle from 
the water taps over the kitchen sink, 
or worse, while in the shower. If this 
ever happens to you or one of your ac- 
quaintances, you should immediately 
contact your electricity supply retailer. 
They should have an inspector out to 
check the situation in very short order. 
And often they will find in a defect in 
the Neutral wiring back to the supply 
in your street. 

But you don’t have to wait for this 
dangerous situation to develop. You 
can make a few checks yourself. 


What you should do 


Do you know where your main Earth 
point is? 

Take a walk around your house. 
Where does the water pipe enter the 
house? That is probably the point 
where you will find the Earth wire 
connected via a screw clamp. 

If you can’t find it, have a look at 
your switchboard. There may be a 
note (in white paint) saying where 
the Earth is. 

In some areas where the water ser- 
vice is run in plastic pipe, or the cop- 
per pipes do not make intimate contact 
with the ground (eg, when the pipes 
are run above ground or on rock) the 
authorities specify that the Earth con- 
nection is made to a long copper-clad 
steel spike or rod driven at least 1.2 
metres into the ground, Alternatively, 
the Earth connection may be made to 
a strip electrode at least three metres 
in length and buried at least 45cm 
underground. 

When you find the connection, in- 
spect it carefully to see that it is sound 
and not corroded. If the connection 
is badly corroded you should have it 
attended to by a licensed electrician. 


Use an AC clamp meter 

But there is a better way to check 
the integrity of your Earth connection 
and that is to use an AC clamp meter. 
First, you need to have a substantial 
AC current flowing in your home’s 
wiring and the best way to ensure that 
is switch on an electric radiator, prefer- 
ably one rated at 2400 watts because 
that means that it will pull a current 
of close to 10 amps. 
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Switch on and place the clamp meter 
over the Earth wire to your water pipe 
or Earth stake. Some AC current is 
bound to flow and it could be 6 amps 
or more. 

So what if you measure a current 
of close to 10 amps? That’s when the 
alarm bells should be ringing because 
that means that you have no Neutral 
current and no Neutral connection out 
to the wires in your street. That means 








that your water pipes and taps could 
become live and lethal, as outlined 
above. 

Ifthe Earth current is more than say, 
5 amps, you have cause for concern. In 
that case, you should contact your lo- 
cal electricity authority and have them 
check out your Neutral connection. 

Don’t do this test during or just after 
wet weather. When the ground is satu- 
rated, more current will tend to flow 


This reading of 5.39A in the water pipe between the house and the water meter is 
not at all atypical — it can often be more. But just imagine if a plumber (or anyone 
else) disconnected the water meter or severed the pipe - it could be very easily be 


lethal! 
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via earth than via the Neutral path. 


Warning 

Many people will not be qualified 
or feel confident to make any meas- 
urements as described in this article. 
If they suspect that their electrical 
wiring is unsafe, they should contact 
a licensed electrician or the electricity 
supply authorities. 

A number of serious questions re- 
main to be answered. Do the electricity 
supply authorities have any program 
for periodic checking of customers’ 
Active, Neutral and Earth connections? 
Or does the first indication come from 
the customer, complaining that they 
“got a tingle from that appliance”? 
And are plumbers and employees of 
the various Water Boards instructed to 
take any special electrical safety meas- 
ures when disconnecting a customer’s 
water supply? 


As part of the preparation for this 
article, | used a Digitech AC clamp 
meter (Jaycar Cat QM-1561) to 
measure Neutral and Earth Currents 
at my switchboard. 

| also measured the current flowing 
via the water meter and | noticed that 
much greater currents were flowing in 
the water meter than could possibly 
be attributed to my home consump- 
tion when the load was only standby 
power from cordless phones and other 
appliances. 

So while the total consumption was 
much less than 100W, the current in 
the Earth was as muchas 4A, or more! 

| turned off the power at the main 
circuit breaker and the large Earth 
current was still there. Checking the 
Neutral, | found that virtually the same 
current was flowing in the Neutral. 
How could this be? This was quite 
independent of anything in my home. 
| also measured the current flowing in 
my next door neighbour’s water meter 
and found that it also had substantial 
current flowing, even though no-one 
was home. 

At this point | contacted Energy 
Australia, my electricity retailer, and 
they sent an electrician out within 
hours. He first confirmed that about 
55% of the load current was flowing in 
the Earth and the rest via the Neutral. 
But he used a much larger load cur- 
rent. Instead of simply switching ona 
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Currents can flow even when the power is turned off! 








«JS 
The simplified diagram of a typical switchboard on page 15 does not show any 
details of all the Neutral connections which are necessary for the RCDs. This 
photo shows typical RCD Neutral link connections. 









2400W radiator as | had, he over-rode 
the Zellweger ripple tone control switch 
to allow the hot-water tank elements to 
cut in. This gave a total load current 
of 31A. 

He also confirmed that current flows 
in the Neutral and Earth when the mains 
supply fuse is disconnected. He said 
that this is not uncommon and does 
not necessarily indicate a fault in the 
household system. 

He then proceeded to do a system 
integrity check with a Fluke 1654B Multi- 
function Tester and came up with figures 
of about 0.35 ohms for the Neutral path 
and 0.3 ohms for the Earth which he then 
pronounced to be quite safe. The test 
procedure is according to Australian 
Standard AS/NZS3017. 

(An alternative instrument for § 
this testing would be the Metrel ~ 
Instaltest 3017 from Emona Inst- 
ruments [ww nona.com.2 
which was reviewed in the Sep-\ 
tember 2008 issue of SILICON CHIP). 

He was very thorough during 
the testing, wearing three pairs of 
gloves, rubber boots and protective 
goggles which is a mandated procedure. 

He also confirmed that anyone 
finding high currents flowing in the 
water meter should contact their 
electricity retailer. Apparently they 
get most calls of this nature from 
plumbers or from Sydney Water. 
Interestingly, high currents in the 


water meter can lead to burnt O-rings, 
leading to a complaint of tainted water 
from consumers. $C 













































The Metrel Instalset AS3017 Test Set from 
Emona Instruments. It’s not cheap (in both 
senses of the word!) but if you’re involved 
in installation or checking of electrical 
installations, it makes short work of what 
could otherwise be laborious tests. 
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details on the various formats and their differences. 


CM, MP3, WAV, FLAC, AAC, 

OGG, WMA - these are all pretty 
cryptic names for common audio file 
formats. So if you want to store audio 
on your computer, phone etc, which 
format should you use and why? It 
depends on a number of factors as 
each format comprises a different set 
of compromises. 


Digital audio basics 
All digital audio ultimately starts 


Time @ 44.1kHz 


500us 750us 


as an analog signal (eg, from a micro- 
phone) and also ends up as an analog 
signal; typically, going to an amplifier 
to drive a set of speakers or head- 
phones. An analog-to-digital converter 
(ADC) converts the original analog 
signal to a digital format while at the 
other end of the chain, a digital-to- 
analog (DAC) converter turns it back 
into analog. 

The digital output of the ADC is 
usually some form of Pulse-Code 


Fig.1: how a 1kHz 
Ims ., analog sinewave (red) 
is converted to PCM 











—ooq!-5V_ shows 32 voltage steps 


values (sequence of 
green numbers). This 


when a real PCM 





waveform normally 
uses at least 65,536. 
The voltage is sampled 
at a constant rate 








(here, 44.1kHz) and the 
nearest value for the 
voltage at that point 
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(blue dots) is stored as 
the next number in the 
sequence. 


Modulation (PCM) and this can be 
regarded as the most basic form of 
digital audio. Two common examples 
of digital audio formats based on PCM 
are the Microsoft WAV file format and 
CD audio. 

Fig.1 shows how a continuously 
varying analog signal (red) is con- 
verted to a set of data points (blue). 
The horizontal axis is the timebase and 
the vertical lines represent sampling 
periods which occur at fixed intervals. 
The number of such sampling intervals 
per second is known as the sampling 
rate and is typically at least 44.1kHz 
for good-quality sound reproduction. 

The vertical axis represents volt- 
age and this too is divided up into 
a number of equal intervals. For CD 
audio, there are 65,536 such intervals 
representing a total voltage of about 
6V, to handle signals up to about 2.1V 
RMS. Each interval therefore covers 
a range of about 0.1mV. The number 
of voltage steps is the resolution and 
since 65,536 = 216 this is known as 
16-bit audio (note: Fig.1 has a lot less 
steps for the purposes of illustration). 

At each sampling period, the analog- 
to-digital converter finds the hori- 
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Fig.2: compressing digital audio adds an extra step into both recording and playback. Once analog data has been 

' digitised (and possibly mixed), it passes through an encoder which produces an output bitstream at a lower rate than 
its input. This can then be more easily transmitted or stored. Later, before being played back, the data passes through a 
decoder which reconstructs the PCM audio data (or a close facsimile) to be sent to the DAC. 


zontal line closest to the input signal 
voltage at that time and since each line 
is numbered, by storing this series of 
numbers, we form a digital approxima- 
tion of the waveform shape (blue dots). 
The storage required for this data is 
the product of the number of bits of 
vertical resolution, the sampling rate 
and the number of channels. So for CD 
quality audio this is 16 x 44,100 x 2 = 
1.4Mbit/s or 172.266KB/s. 

Why 44.1kHz? This frequency was 
chosen for historical reasons as it 
divides evenly into PAL and NTSC 
frequencies, allowing easy synchroni- 
sation with video tape. The important 
thing is that it’s more than twice the 
highest frequency humans can hear 
(~20kHz) so the Nyquist limit is high 
enough (more on that later) and the 
anti-aliasing filter has a sufficiently 
large 4.1kHz transition band. 

At this point, you may have noticed 
that some of the blue dots in Fig.1 are 
not precisely on the red curve due to 
the limited voltage and time resolu- 
tion. As a result, if you drew a line 
through these points, it would not be 
a pure sinewave like the input. 

But the DAC has a ‘reconstruction 
filter’ which smooths the output to give 
a result very close to the input signal 
despite this, as long as the input only 
contains frequencies up to the Nyquist 
limit, which is half the sampling rate. 
In this case, that means frequencies 
up to about 22kHz are reconstructed 
almost perfectly. 

Experience tells us that with a good- 
quality ADC and DAC, most people 
can’t hear any imperfections in CD- 
quality audio recordings. There are 
arguments to be made that higher sam- 
pling rates and bit. depths (eg, 96kHz 
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and 24-bit) have certain advantages, 
hence formats such as DVD-Audio and 
SACD, as described below. 

However, there is a further issue 
to consider and that is that 172KB/s 
of data results in quite large storage 
requirements. A typical CD holds up 
to 72 minutes of audio with a 720MB 
capacity. If you have a 32GB SD card, 
that would hold about 40 full CDs 
worth of audio; more ifthe CDs weren’t 
entirely full (but some CDs can contain 
up to 80 minutes/800MB). 

In order to fit more recordings into 
the same amount of space, newer for- 
mats which require less storage have 
been developed in the last 20 years. 


With those formats which gain the most 
dramatic reductions though, small 
errors are introduced in the recon- 
struction process. These are known as 
‘lossy’ compression formats, because 
there is some loss in audio quality. 
However, ‘lossless’ audio compression 
can also be used, to reduce storage 
requirements modestly without this 
drawback. 

Fig.2 shows a typical audio chain, 
from an analog recording (eg, an old 
tape master) through to a digital stream 
which is then compressed, stored and/ 
or transmitted, then decompressed 
and converted back into analog audio 
for amplification. 

















Fig.3: at top is a 90ms snippet of audio from a music CD. Below this we have 
copied and pasted each cycle over the subsequent cycle as a crude method of 
‘predicting’ the shape of the audio based on previous samples. The difference, at 
bottom, shows that the error (‘residual’) with even this crude prediction method 
has significantly less amplitude than the audio signal itself and thus requires 
less storage space. 
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So just how much does lossy com- 
pression affect the sound and are you 
willing to put up with that in exchange 
for fitting more audio? And if you are 
very fussy, just how much audio can 
you fit into a limited amount of space? 


Lossless compression 

There are a few common ‘lossless’ 
audio CODECs (encoders/decoders) 
available. Perhaps the most common 
is called FLAG, or Free Lossless Audio 
Codec. Like most lossless CODECs, 
FLAC typically achieves a 40-45% 
reduction in storage requirement over 
PCM without affecting audio quality 
at all. Other similar CODECs include 
Apple Lossless, WavPack, TAK and 
APE but the differences are minor. 

If you aren’t interested in the details 
of how this is achieved, you can skip 
right ahead to the next section. 

Many readers will be familiar with 
compression programs such as “ZIP” 
and “RAR” which can reduce the size 
of many types of file, sometimes quite 
substantially. Unfortunately, if you try 
to ZIP up a PCM audio file (eg, WAV for- 
mat), you will save little if any space. 
That’s because despite PCM audio 
containing quite a bit of redundancy, 
the general-purpose pattern matching 
algorithms used in archiving software 
such as ZIP are not effective at identify- 
ing and eliminating it. 

To realise lossless compression for 
audio, we have to consider the nature 
of the signal itself. For a start, while 
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Fig.4: an example of 
quantisation, which can 
be applied to residuals 
or other less important 
signals to reduce the 
amount of storage 

space they require. 

The number of vertical 
divisions is reduced; in 
this case from 32 to 8 
and the nearest points 
are selected instead. The 
resulting quantisation 
error is shown at 
bottom. Normally, 
though, this is applied 
to spectral (frequency 
domain) data rather 
than time domain data 
as the deleterious effects 
are less severe. 


Quantised sample value 





the vertical scale of the PCM data has 
to be large enough to encompass the 
peak signal amplitude, much of the 
time the signal level is much lower 
than this; in other words, most audio 
has significant dynamic range. During 
the quieter passages, PCM ‘wastes bits’ 
(or fractions of bits) which are always 
zero but are nevertheless stored. 

So one simple (but limited) approach 
to lossless audio compression is to cre- 
ate a PCM-like file format where the 
bit depth (resolution) can vary over 
time, to save bits by taking advantage 
of amplitude variations in the signal. 
FLAC effectively does this, using a 
technique called “Rice coding”. But 
that only gives modest gains in space 
efficiency; perhaps 10% at best. 

A more advanced approach is to 
realise that audio signals tend to be 
quite repetitive and while subsequent 
cycles of a waveform are almost never 
identical to the previous cycle, they 
are often quite similar. So if you can 
use one cycle of audio to ‘predict’ the 
next, you only have to store the error 
between the prediction and reality. By 
then applying that difference during 
decoding, you can reconstruct the next 
part of the waveform exactly. 

This error signal is known as the ‘re- 
sidual’ and it is normally much lower 
in amplitude than the signal itself. The 
compressor can store the ‘prediction’ 
parameters, which take little space, 
and since the residual’s amplitude is 
low, the aforementioned dynamic bit 
depth coding will give a much greater 


reduction in storage space. 

This process is illustrated with a 
typical audio fragment in Fig.3. All 
we have done is taken a 90ms snippet 
from a music CD (top), then created a 
predicted version (middle) by simply 
copying each previous cycle to form 
the next; something that a decoder can 
easily do, since it has access to past 
audio samples. 

The bottom panel shows the dif- 
ference between these two signals. 
As you can see, it’s much lower in 
amplitude than the original and can 
thus be stored much more efficiently, 
despite the crudeness of our approach. 

Of course, what FLAC and other 
lossless compressors do is much more 
advanced than this. For example, they 
can try multiple different prediction 
methods for each section of audio and 
store the results of whichever takes 
up the least number of bits. But the 
general principle is the same. 


Other lossless methods 


Meridian Lossless Packing (MLP) is 
a commercial lossless CODEC that is 
used for DVD-Audio. This is slightly 
more space-efficient than FLAC but 
it is a proprietary, patented system, 
compared to FLAC which is free to 
download and use (including the 
source code). FLAC is also somewhat 
faster, especially to decode. There’s 
a lot of detailed information on how 
MLP operates at www.meridian-audio, 
com/w_paper/mlp jap new.PDF 

Ultimately, there isn’t much prac- 
tical difference between FLAC and 
the other lossless CODECs, including 
Apple Lossless (ALAC), except for 
popularity. Apple computer users will 
find their software has better support 
for ALAC while Windows/Linux users 
will be better off with FLAC. Apple 
audio player hardware such as iPods 
and iPhones also support ALAC while 
other devices, including Android 
phones, typically use FLAC. 


Lossy compression 

With lossless compression, you can 
fit around 60 CDs worth of audio onto 
a 32GB SD card rather than 40 CDs 
worth. That’s an improvement but it 
is possible to do better, using a lossy 
compression method. 

One way to do this would be to 
use the same method as FLAC but 
‘quantise’ the residual. That means 
effectively rounding some of the re- 
sidual values up or down, in order 
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to create less possible sample values. 
Less values take less bits to store, 
saving space (see Fig.4). This is not 
a particularly good approach but it 
would work; since the residual val- 
ues are usually small, the error signal 
introduced (shown in red on Fig.4) 
would also be small. 

To get really good compression 
ratios (ie, increase the ratio between 
the original PCM data size and the 
compressed data size), more advanced 
techniques are required. The first lossy 
compression method with very high 
compression and good audio quality 
was MPEG-2 (Moving Pictures Expert 
Group) Audio Layer III, better known 
as “MP3”. This was developed by 
the Fraunhofer-Gesellschaft research 
institute in Germany in the early 90s. 

MP3 followed on the heels of MPEG- 
1 Audio Layer 2 (MP2), formalised in 
the late 1980s. MP2 is a less advanced 
coding method which has a worse 
compression ratio. However, it also 
results in less audible degradation and 
is still in use today for broadcasting, as 
it is simpler (and thus faster) to encode 
and decode than MP3. 

The added complexity of MP3 is in 
its heavy reliance on a psychoacoustic 
model. This takes advantage of psy- 
choacoustic masking, a property of hu- 
man hearing whereby tones at certain 
frequencies can make simultaneous 
tones at other frequencies but of lower 
amplitudes inaudible (‘masked’). In 
other words, if both tones are present 
in a signal, depending on the relative 
levels, the human brain will perceive 
the louder one but not the other. 

Thus, it-is possible to do a spectral 
analysis of the audio data and ‘chop 
out’ certain signal components (fre- 
quencies) without (in theory, at least) 
affecting how it sounds. This is il- 
lustrated in Fig.5. Note that the tones 
don’t necessarily need to be simultane- 
ous; ifone comes immediately after the 
other it may still be masked and this 
is referred to as ‘temporal masking’. 

The resulting simplified spectrum 
can then be quantised (as explained 
earlier), re-ordered and compressed 
using a standard ‘entropy coding’ 
method (such as Huffman) to give a 
much smaller amount of data than the 
original PCM. This is usually done by 
chopping the PCM audio data up into 
variable-sized overlapping blocks and 
then compressing them separately. 

Another option to achieve good 
compression with reasonable sound 
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Fig.5: an illustration of psychoacoustic masking. Tones with amplitudes below 
the threshold of audibility (mauve) are always inaudible but when loud tones 
are present (eg, 300Hz @ +65dB as shown in green), even tones above the - 
audibility threshold can be masked and generally not perceived as audible. 
In this case, the 150Hz +39dB tone (shown in red) is within the other signal’s 
“shadow” and thus could theoretically be removed without changing the 


overall sound. 


quality is to separate the spectrum out 
into the important parts, which the 
listener is expected to hear, and the 
unimportant parts which will be par- 
tially or completely masked and then 
decimate the latter more heavily using 
a more severe quantisation scheme. 

During playback, the compressed 
frequency-domain audio blocks are 
unpacked and converted back into 
time domain data. The snippets of 
reconstructed sound are then joined 
back together using a ‘windowing’ 
method to get rid of any discontinui- 
ties caused by the imprecise storage 
method, ie, where the signal at the 
end of one block wouldn’t necessarily 
end up at the same voltage as the start 
of the next block. Windowing takes 
advantage of the overlap to smooth 
these transitions. 

MP3 also uses the similarities be- 
tween the two channels in a stereo 
recording to reduce the size, storing 
them as a sum and (lossy) difference 
with a technique known as “joint ste- 
reo” (using a method such as ‘intensity 
coding’ or ‘mid/side coding’), thereby 
saving further space. 


The overall amount of compression 
varies, depending on how aggressively 
the psychoacoustic model removes 
‘redundant’ signals and also by con- 
trolling the amount of quantisation 
of the resulting data. In practice, for 
MP3, the reduction in size ranges from 
about 77% (320kbps) to 93% (96kbps). 
At 96kbps/s, there will be a rather 
noticeable impact to audio quality; at 
320kbps/s, not so much. 

Note that “kbps” refers to kilobits 
per second and may also be written 
“kbit”. To convert from kilobits per 
second to kilobytes per second, divide 
by eight, ie, 128kbps = 16kB/s. 

MP3 compression thus allows for 
something like 4-10 times more audio 
to be stored in the same amount of 
space as raw PCM. Or to put it another 
way, 250-500 full CDs can fit onto a 
32GB SD card with reasonable sound 
quality. That’s quite an improvement! 


What’s the catch? 


So what’s the catch? Well, if you’re 
listening to relatively high bit-rate 
MP3 files on a noisy bus or in a car, 
you probably won't tell the difference 
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Fig.6: this illustrates the difference between constant bit rate (CBR) and variable bit rate (VBR) encoding. The encoder 
can either vary the quality factor to maintain a constant bit rate or use a fixed quality factor which results in the bit 
rate varying with signal complexity. As shown here, both methods can produce a file of the same size but the CBR file 
will have the more complex passages encoded with a low quality factor which could result in poor sound quality. 


between it and the original recording 
— even with a decent car audio system. 
But with a proper hifi set-up, the differ- 
ence between an MP3 and aCD can be 
stark for critical listeners. Some more 
recent lossy CODECs claim to do a 
better job of reproducing CD quality; 
more on this below. But if you’re a 
discerning listener with reasonable 
hearing acuity, lossless compression 
is still your best choice. 


Variable vs fixed bit rate 


When a lossy compression algo- 
rithm is applied to normal audio data, 
even if each block of raw audio data 
processed is the same size, it will 
generally produce compressed data 
blocks of varying size. That’s because 
the complexity of the audio signal 
varies over time. 

For example, a cymbal clash 
contains a wide range of frequency 
components and so will not compress 
anywhere near as well as, say, a bass 
guitar by itself. Many audio files also 
contain short gaps of (near) silence, 
which may not be obvious during 
listening. 

So while the PCM data is recorded 
or played at a fixed rate, the natural 
compressed data stream naturally has 
a varying rate. 

Sometimes, this is undesirable —for 
example, in a broadcast, there will be 
a fixed amount of bandwidth allocated 
to audio. The maximum compressed 
data rate must not exceed this and 
while smaller blocks could be pad- 
ded to fit, that would simply waste 
bandwidth. 

In this case, the best solution is to 
adjust the ‘lossiness’ of the compres- 
sion algorithm block-by-block, in order 
to produce compressed data with a 
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more-or-less fixed bit rate and then 
use padding to make up the difference; 
see Fig.6. 

This also has the advantage that the 
ratio between the uncompressed and 
compressed data is fixed. For example, 
if you are compressing CD-quality 
WAV files to 192kbps MP3 files, you 
know that the MP3 files will be exactly 
192kHz + (44kHz x 16 bits x 2 chan- 
nels) = 13.6% the size of the originals. 

However, there’s little reason to do 
this if you are simply creating files to 
store on, say, a phone or PC. In this 
case, it would make more sense to use 
a fixed quality level and let the bit rate 
vary. This is known as ‘variable bit 
rate’ encoding or VBR. 

With VBR, some files will have a 
higher compression ratio and some 
lower, depending on the content. How- 
ever, for a given quality setting (which 
determines psychoacoustic masking 
aggressiveness, quantisation factors, 
etc), the variation is generally only of 
the order of 25%. 


MP3s ain’t identical 


You might think that if you used 
two different pieces of software to 
produce similarly sized MP3 files from 
the same CD or WAV file source, they 
would sound essentially the same. But 
this isn’t necessarily the case. During 
MP3 encoding (or indeed, any lossy 
encoding), the encoder has thousands 
of decisions to make for each block of 
audio processed in order to produce 
the smallest output which loses the 
least information. 

For example, during the psychoa- 
coustic modelling process, there are 
many signals which could be removed 
from the sound in different combi- 
nations and different encoders may 





choose to remove different frequencies 
to achieve the desired reduction in 
signal complexity. 

There is also a speed trade-off as 
encoders which take longer may have 
more time to ‘explore’ all the possible 
combinations of masking, quanti- 
sation etc and determine the best 
combination to achieve the required 
compressed data size. There are also 
many different metrics which the en- 
coder can use to determine which is 
the ‘best’ outcome. Therefore, a more 
carefully designed MP3 encoder can 
produce significantly better sounding 
MP3 files at the same size (or even 
smaller!) as a poorly written encoder. 

So if you’re going to compress 
hundreds of CDs to MP3 format, it 
pays to do your research first and pick 
encoding software which gives the best 
quality output. This may even allow 
you to use a lower ultimate bit rate for 
the same sound quality, thus fitting 
more data on to your storage medium. 

While this is a subjective evaluation 
(and readers are invited to do their own 
research via Google), some encoders 
are generally considered superior. One 
of the better-regarded MP3 encoders is 
the free, open source, multi-platform 
“LAME”. Even this, though, has 
many different settings which give 
different results. Suggested quality 
levels for a good size/sound quality 
trade-off are the “-VO” (~245kbps), 
“V1” (~225kbps), “-V2” (~190kbps) or 
“-V3” (~175kbps) options; see http:// 
wiki. hydrogenaud.io/index.php? 
title=Lame 





Advanced compression 


Since MP3 was formalised in 1995, 
a number of improved CODECs have 
been developed. In some cases, the 


siliconchip.com.au 











aim was to produce an algorithm with 
a similar compression ratio to MP3 
but with better audio quality. In other 
cases, the aim was to produce better 
compression without such objection- 
able artefacts as are present in low bit 
rate MP3 files (<128kbps). 

One of the more successful codecs 
has been AAC and its variations, AAC+ 
and HE-AAC, These were developed 
as a successor to MP3 for the MPEG-4 
standard and have also been adopted 
by Apple for use with iTunes. AAC is 
generally regarded has having better 
audio quality than MP3 at the same bit 
rate while AAC+ is optimised for lower 
bit rates and gives little or no benefit at 
settings of 128kbps and above. 

In fact, AAC+ is generally inferior to 
both MP3 and AAC at higher bit rates 
(192kbps+). While many consider 
128kbps AAC to give good sound qual- 
ity, we feel that as with MP3, you really 
need 192kbps to even get close to CD 
quality. Note that DAB digital radio 
uses AAC encoding and DAB+ uses 
AAG+, so the same comments apply. 

Unfortunately, few DAB+ radio sta- 
tions in Australia are encoded at rates 
above 64kbps! The result is that they 
sound inferior to a simultaneous FM 
broadcast of the same program (assum- 
ing good reception). 


Ogg Vorbis 


Another post-MP3 format is Ogg 
Vorbis. This was developed specifical- 
ly because MP3 is a patented algorithm 
and Fraunhofer charge a fee for using 
the technology. In contrast, Ogg Vorbis 
is a free, open source alternative which 
can give superior audio quality to MP3 
at some (usually higher) bit rates. 

One source of subjective compari- 
sons of lossy audio CODECs and encod- 
ers is http://soundexpert.org/encoders 
We have graphed the information from 
this website and smoothed it consider- 
ably, to give Fig.7. This suggests that 
AACis the best choice above 224kbps, 
Vorbis the best between 112kbps and 
224kbps, and AAC+ the best choice 
below 112kbps. 

Note the large increase in perceived 
quality above 224kbps, suggesting that 
if you want to play lossily compressed 
files through a hifi system, the best 
compromise between quality and size 
is probably somewhere around 256- 
288kbps and thus AAC is the CODEC 
to use. This gives a compression ratio 
relative to CD-quality PCM audio data 
of around 5.5:1—still very worthwhile. 
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Fig.7: a comparison of the subjective scores awarded to audio samples 
compressed with different audio CODECs and varying bit rates. While this 
can only be considered a guide, it shows the perceived audio quality of most 
lossy CODECs goes up significantly above 256kbps and also that certain 
CODECs seem to sound better than others for particular ranges of bit rates. 


To get an idea of what these bit 
rates really mean, refer to Table 1. 
This shows how much audio you can 
fit, in terms of hours or average CDs 
per GB. This applies both to storage 
(ie, how much you can fit on an xGB 
flash drive) and transmission (ie, how 
much bandwidth you will use stream- 
ing digital radio at a specific bit rate). 


Encapsulation 


When you have a digital audio 
stream, it needs to be “encapsulated” 
somehow to be stored. For example, 
PCM audio can be encapsulated in 
the WAV format which in addition to 
the PCM audio data itself, includes 
information at the start of the file indi- 
cating the sampling rate, bit resolution, 
number of channels and length. 

CD audio (‘redbook’) also uses the 
PCM format but it involves a more 
complex encapsulation for two rea- 
sons: (1) it adds error checking and 
correction (ECC) information so that 
small scratches or divots on the surface 
of the CD do not render it unplayable 
(and hopefully won’t affect the sound 
at all); and (2) it provides feedback 
to the user as to which track they are 
listening to, how far they are into the 
track and allows seeking and skipping 
to specific tracks. 

As a result, each ‘sector’ of a CD, 
containing 2352 bytes of PCM audio 
data, is actually 3234 bytes in size. The 
extra 882 bytes per sector includes two 


392-byte ECC blocks and 98 bytes of 
side-channel/control data. There are 
75 sectors of data for each second of 
audio. A redbook audio CD also has a 
table of contents, listing the location of 
up to 99 tracks along with their length, 
the duration of any pauses between 
tracks etc. 

Encapsulation can also include the 
ability to store track names, authors, 
composers, genre etc. For example, 
CD audio includes the ability to store 
track names using the CD-Text exten- 
sion although few discs contain such 
information. 

Other types of digital audio encap- 
sulation for storage include: 

@ FLAC: this can be encapsulated in 
its own simple container format (.flac), 
or it can be stored within an “Ogg” 
file, which is the same encapsulation 
as used for the Vorbis CODEC which 
also supports metadata (track name, 
author, etc). 

@ MP3: can either be stored in an 
“elementary stream” (.mp3 file), with 
optional ID3 metadata tag at the begin- 
ning or end, or in an MPEG stream, 
possibly along with video data. 

e@ AAC: can be encapsulated in an 
MPEG-2 or MPEG-4 stream. Also used 
for DAB+, DVB-H or can be contained 
in an “ISO base media file” (.aac file). 
® Vorbis: generally either appears in 
an Ogg file (with or without Theora 
Video) or in a Matroska file, which is 
intended to be a flexible multimedia 
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container format (akin to Microsoft’s 
AVI). 

Having been read from the source 
file or media, the same data may then 
be transmitted to a different piece of 
equipment or a different IC within the 
same device. This is generally done by 
re-encapsulating the extracted digital 
audio data in one of several transmis- 
sion formats: 

@ S/PDIF: a two-wire format using bi- 
phase encoding, intended for transmit- 
ting audio data between media play- 
ers, amplifiers, receivers and so on. 
S/PDIF can carry linear PCM, Dolby 
Digital, DTS and other formats, along 
with metadata describing the con- 
tents of the data and its source. The 
optical version of S/PDIF is known 
as TOSLINK. 

@ IS or one of its variants: a simple 
method for transmitting PCM audio 
data between ICs within a device, 
similar to SPI. Typically involves a 
bit clock line (typically 32 or 64 times 
the sampling rate), word clock (at the 
sampling rate), data bit transmit and/ 
or receive lines, plus a master clock 
which is typically between 128 and 
1024 times the sampling rate. 

@ MPEG transport stream: while 
this is used as a file format (with an 
extension such as .mpg or .mp4) it is 
also intended to be used as a transmis- 
sion format and is used for digital TV, 
among other purposes. MPEG streams 
can contain video, audio or both and 
can also include subtitles and other 
metadata. 


Multi-channel formats 
Multi-channel formats compress 
three or more channels of audio for 
“surround sound”. They usually havea 
relatively high bit rate (eg, 384kbps+) as 
they are intended for use with movies 
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___ Table 1: Storage Required For 





where significant degradation in sound 
quality is not acceptable. However, 
multi-channel formats are also some- 
times used for music recordings, to 
give amore ‘immersive’ or ‘live’ sound. 

With some exceptions, these formats 
generally have inferior sound quality 
to CD-quality PCM. Of the two most 
common 5.1 channel formats, DTS is 
usually considered to have superior 
quality to Dolby Digital (AC3) at the 
same bit rate. 

As with stereo CODECs, multi- 
channel formats take advantage of the 
similarity in content between channels 
to achieve good compression. They 
also use the fact that some channels 
only operate over a limited range of 
frequencies, especially the subwoofer 
or “low frequency effects” channel (the 
“Cin 51 or 7.2). 

The sound quality of the left and 
right channels is generally the most 
critical as these carry most of the 
music; centre is used mainly for voice 
while surround channels mostly carry 
effects so degradation on those chan- 
nels is less objectionable. Thus, the bit 
rate of a 5.1-channel audio stream is 
usually no more than about twice that 
of a stereo recording. 

Dolby Digital 5.1 and DTS 5.1 were 
the most common multi-channel for- 
mats in the early days of DVDs. More 
recently, with the introduction of 
HD-DVD (now obsolete) and Blu-ray, 
both Dolby Labs and Digital Theatre 
Systems have come up with higher 
quality formats that support even more 
channels, eg, 7.1 surround sound with 
a total of eight channels. 

More recent multi-channel formats 
such as Dolby Digital Plus, Dolby True- 
HD, DTS Neo, DTS 96/24 and DTS-HD 
increase audio quality through higher 
bit rates and in some cases, use lossless 





compression. However, the general 
principle remains the same. 

DVDs use an MPEG-2 stream and 
allow linear PCM, MP2, AC3 or DTS 
compressed audio data to be inter- 
leaved with the video. Multiple audio 
streams can be interleaved, to sup- 
port different numbers of channels or 
languages. 

DVD-audio adds the ability to carry 
Meridian Lossless Packing (MLP) audio 
data at higher sampling rates and bit 
depths such as 24-bit 96kHz or 24-bit 
192kHz. DVD-audio players thus gen- 
erally have higher-quality DACs plus 
the ability to decode these streams. In 
addition, DVD-audio discs can contain 
Dolby Digital and DTS tracks. 


Non-PCM audio data 


While virtually every digital audio 
format is either based around PCM 
or derived from PCM, there are other 
formats. Super Audio CD or SACD is 
one of these and it is based on Pulse- 
Density Modulation Encoding (PDME) 
which Sony and Philips refer to as 
Direct-Stream Digital (DSD). 

Rather than using a sampling rate of 
44.1kHz, they use 2.8224MHz (ie, 64 
times higher) but each sample is just 
a single bit. Noise shaping is used to 
allow the one-bit data stream to ac- 
curately encode an analog signal at a 
much lower frequency. 

The reason for using PDME rather 
than PCM is that most modern DACs 
are the Delta-Sigma type, which typi- 
cally comprise a 4-bit DAC operating at 
a similar frequency, ie, some multiple _ 
of the incoming PCM data sampling 
rate. The advantage of this approach 
is that it’s much cheaper to fabricate 
a 4-bit DAC with good linearity than 
a 16-bit DAC. In addition, the much 
higher noise frequency means that the 
output analog filter doesn’t need to be 
anywhere near as steep and so it can 
be much simpler. 

The logic therefore is this: if the DAC 
is going to have to convert the PCM to 
some form of PDME internally, why 
not simply store and transmit the data 
in this format? It certainly is a valid 
approach but one criticism levelled at 
DSD is that it’s much more difficult to 
process audio in this format than PCM 
data, and converting between PDME 
and PCM is not simple. 

Perhaps it is for this reason that 
DVD-audio uses traditional PCM en- 
coding, although with higher sampling 
rates and bit depths. sc 
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precision analog for advanced sensing. 


Each dsPIC33EP “GM710” DSC enables dual motor control by integrating six paired PWM 
channels, for a total of twelve PWM channels, as well as multiple 32-bit Quadrature Encoder 
Interfaces. 
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The combination of the processing power of a DSC, with two independent on-chip ADC 
modules, also enables advanced sensing with support for up to 49 channels. Two on-chip-ADCs 
provide the flexibility to be configured for 10-bit, 1.1 Msps with four sample and holds; or 12-bit, 
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Complex scheduling of high-speed peripheral operations is achieved through the on-chip 
Peripheral Trigger Generator (PTG), saving software cycles and simplifying firmware design. 
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There’s absolutely nothing wrong with this 
currently legal, dual channel, dual-diversity 
Digitech wireless microphone system from 
Jaycar ... except that using it after December 
31 could land you with a fine — all because it 
operates in what will be a banned frequency 
range. Jaycar have now replaced this with a 
legal (520-694MHz) model. 


Is your Wireless 
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s00n to be FLLEGAL? 


A huge proportion of the wireless microphones now being used in 
Australia will soon lose their licences to operate. If you keep using 
them after December 31st, you could be liable for a big fine. We 


return to this rather thorny subject. 


e covered the changes to Wireless Microphones 
W: some detail in the June 2013 issue but with 

the December 31 deadline looming, it is timely 
to look again at the reasons for the changes in legislation 
and regulations which could affect a lot of clubs, non-profit 
organisations and other users of so-called ‘plug and play’ 
wireless microphones. 

First, a brief recap: the Labor Government sold off a large 
chunk of the UHF band, previously occupied by analog TV 
stations, as part of the Australia-wide move to digital TV. 
Digital TV doesn’t require anything like the bandwidth of 
analog, so those stations which used to transmit in the 694- 
820MHz band have all been “restacked” (or the very last are 
in the process of moving) to the 520-694MHz band. 

This so-called ‘Digital Dividend’ reaped billions of dollars 
for the Governmentas it was sold off to telecommunications 
organisations for 4G data/voice expansion. 

The problem was, and is, that a huge number of wireless 
microphones and other wireless audio devices, particularly 
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the lower-end models, also shared the 694-820MHz band, 
slotted in between the old UHF TV transmitters. 

Itis these wireless microphones (and other wireless devices) 
which will become illegal to use from January 1st, 2015. 


How many? 


Quite a few years ago, the industry association put the 
number of wireless microphones in use in Australia at 
above 300,000. 

Just about every club, public and private hall, reception 
centre, theatre group, place of worship, sporting arena, 
shopping centre and store, local council, sports coach and 
fitness/dance instructor, hotel and restaurant and many 
other venues have one or more (in some cases many more) 
wireless microphones. 

One local club I am familiar with has six, used for wed- 
ding receptions, functions and sports events. In the main, 
venues like these use the lower-cost models which, while 
perhaps not offering the fidelity and flexibility of more 
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professional models, are fine for the 
intended purpose. They’re convenient, 
allow freedom of movement without 
cords to trip over and the better ones 
provide a quality of signal that’s every 
bit as good as fixed microphones. 

Until the last couple of years or so, 
the vast majority of these wireless 
microphones used that higher (694- 
820MHz) band and this is still mainly 
the case for the lower-cost mics which 
were sold in their tens of thousands 
by music stores, electronics stores, at 
markets and, in particular, online. 

There are many thousands more 
professional wireless microphones 
in use which operate at much higher 
(legal) frequencies - mainly around 
1.8GHz — but these are not affected by 
the changes. 


Got a Portable PA? 


We're not just talking about wireless 
mic and receiver setups: huge numbers 
of “portable PA systems” have been 
sold over the years, many of which 
have an inbuilt wireless microphone receiver. You often see 
them used in shopping centres by store spruikers; buskers 
use battery-powered models, they’re used for public meet- 
ings and so on. 

Again, the vast majority of these will become obsolete — 
the amplifier itself may still be quite OK but the wireless 
microphone connecting to it will not. Some of these may be 
upgradeable but most will not. The only option to stay legal 
will be to use a corded microphone or to connect a new (ex- 
ternal) wireless mic receiver to the “line in” or “aux” input. 

Incidentally, it was one of these systems which twigged us 
to the whole sorry saga early last year, when a relative who 
used a local council portable PA asked us if we’d heard that 
they were soon to be outlawed. At that stage, we hadn’t —so 
much for the industry-wide consultation! 

By the way, Bluetooth wireless mics, which are used 
with quite a few portable systems, are not affected. They 
will remain legal as they operate in the 2.4GHz band like 
all other Bluetooth devices. 

Criticism 

Following our June 2013 report, we were roundly criticised 
by the association representing the professional end of the 
market for saying that most wireless mics were in the upper, 
and soon to be withdrawn, UHF band. 

They claimed that their association had worked closely 
with the Government (and ACMA, the regulatory body), to 
ensure that their members knew the new requirements and 
only sold ‘future proof’ equipment, operating in that 520- 
694MHz band. 

And we’re sure they did. But as late as last year, when 
our report was written, we found that many retailers were 
still selling 694-820MHz equipment. But that wasn’t the real 
problem. It was all those tens (hundreds?) of thousands of 
users who had bought, in good faith, lower-cost wireless 
microphones which would be outlawed — without any form 
of recompense or subsidy. 
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This Okayo portable PA system may 
be OK (0!) but more than likely is 
not! It was sold with a wireless mic 
frequency of between 640MHz (just 
OK) and 865MHz (not OK!). 


To compound this, we knew from 
experience that huge numbers of wire- 
less microphones weren’t sourced from 
“professional” suppliers (the ones who 
knew the new rules) but instead were 
purchased online from sources like 
Gumtree, ebay, Trading Post etc. 

Even as late as last month, you could 
still buy significant numbers of high- 
UHF band wireless microphones on- 
line, without the compulsory warning 
attached that they would not be usable 
from January 1 2015 (that warning is an 
ACMA requirement, part of the LIPD 
licence under which these things oper- 
ate. It is that LIPD licence that will be 
withdrawn on December 31). 

Some of that equipment is being of- 
fered for less than (often much less than) 
$100. Compare this to the professional 
gear used by TV studios, entertainment 
venues and the like, which is often many 
hundreds of dollars, if not thousands. 

Perhaps just as disturbing is the num- 
ber of “Professional VHF” (whatever 
that means!) systems still being flogged 
online. Try using one of these in a capital city even now, 
with the VHF band from 181 to 230MHz wall-to-wall with 
digital TV and DAB+ radio. There are also a handful of 
country areas which have retained VHF TV — the Manning 
Valley (NSW lower north coast) is one such area. 

Even if your VHF Wireless Microphone is below 180MHz 
(and a lot of the ones we’ve seen even now for sale are, espe- 
cially around 170MHz or so) you're still in trouble, because 
with the digital TV restacking the old VHF channels 0 to 5A 
(56 to 181MHz) have all gone and the LIPD licences for equip- 
ment using those frequencies have also been withdrawn. 

By the way, while the Government has made no effort to 
recompense existing users of soon-to-be-banned equipment, 
quite a number of suppliers have put together “trade-in” 
deals. Most of these offer the more expensive “pro” equip- 
ment but they could be worth a look if the trade-in makes 
the deal sweet enough. 


Local TV translators can still cause problems 


With the move to digital TV and the re-stacking of chan- 
nels, a lot of areas are not served by the main city, high-power 
transmitters but by lower-power translators. 

So even if you do buy a legal (520-694MHz) wireless mic- 
rophone you could still be in trouble, because part of the 
LIPD licence specifies that you must not use any frequency 
which a local broadcasting service occupies. 

“Local” might cover a lot greater area than you think — for 
example, many TV viewers along Sydney’s northern beaches 
receive their TV signals only from Bouddi Head, on the 
NSW Central Coast. 

Similarly, many residents in Sydney’s south have to watch 
TV programs from the Wollongong area. In both these exam- 
ples, terrain prevents signals from the Sydney transmitters 
from avoiding the ‘digital cliff’. You’ve either got a picture 
or you haven’t; with digital TV there’s no ‘in-between’. 

There are several websites which show the areas digital 
TV stations are, or very shortly will be, transmitting in along 
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Type of equipment 2 
Wirel = 


Fact sheets and FAQs 


What are the changes? 


The following fact shasts provide information on the changes affecting wireless 
microphones and what you nesd te do to prepare. 





if you're a community group or small business, read the ‘clus and olay’ fact shest 


if you're a professional wireless microphone user, read the professionsl users’ fact 
sheet 


lf you're a supplier, read the suppliers’ fact sheet and the FAQs 

Also, check out our infographio that steps you through the changes and what you 
need to to prepare 

What spectrum can | use after 1 January 2015? 


Te find out what spectrum you can use after 1 January 2015, read the fact sheet for the 
area that you plan te ues your wireless microphons. 


Alternatively. you can use the online frequency finder tools that have been developed by 
some wireless microphone suppliers. 


ACT and NSW 


Sydney and surrounds 
For additional information at the suburb level 


click here 


ACT and Southem Tablelands 2 
Central Tablelands and Central Western Slopes 
Griffith’ Murrumbidgee Irrigation Area 


————— 
Legend 


YES 








This frequency is likely to be available for wireless microphone use. However, it is possible that you may 

receive interference from distant television and radio services in some areas. Seek advice from your supplier 

to determine whether this frequency is suitable for your needs. 

This frequency is possibly available for wireless microphone use. However, many locations will be prone 
| to receiving interference from television and radio services or causing interference especially when using 

the wireless microphone outdoors. Seek advice from your supplier to determine whether this frequency is 

suitable for your needs. 


Location 
channel 
(MHz) 


Sydney 
Central Coast 


inding areas 








29, 34. 
kei Amal a 
: 


[Baro 


Leppington Y 


This spreadsheet on the ACMA website lists towns and 
suburbs throughout Australia with the six UHF and one 
VHF bands listed with a YES/LIKELY/POSSIBLE/NO 
indication of whether wireless mics in those bands can be 
used in that area. As you can see from the generally yellow 
(‘NO’) boxes in this chart, in many areas you’re going to 

be pretty limited for choice. The URL for this site is a mile 
long but you can access it by Googling “ACMA Fact sheets 
and FAQs” - it’s the first entry — click on that, then click on 
the town or suburb you want. 
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the NSW coast, and their frequencies. With the exception of 
the 520-526MHz soon-to-be-packed-out band, you will prob- 
ably find that there are many areas where finding an unused 
frequency is almost impossible; you need to choose the best 
of a bad situation. Country areas aren’t quite so packed. 


Our experience 


We mentioned earlier that we have considerable experi- 
ence in audio/PA and, by extension, wireless microphones. 
Over the past 12 months or so we’ve talked to literally scores 
of ‘average’ (ie, not professional) wireless microphone users 
and with just one exception, there was complete ignorance 
about the forthcoming changes. 

These users were in the main sporting clubs, reception 
venues and the like and they simply hadn’t heard ANY- 
THING about their equipment being outlawed. 

The reaction was even more disturbing: they couldn’t give 
a damn. “Let them catch me” was a typical response. “I’ll go 
on using it until someone tells me to stop” was common. Or 
the old shrug of the shoulders and “so what?” expression. 

That one exception was a sporting organisation who does 
use a professional technician to supply and maintain their 
equipment. They’d just upgraded their whole PA system and 
part of that deal was new 500MHz wireless microphones, 
because their supplier knew the new requirements. 

But the rest? They can be assured that there will one day 
be a knock on the door, not necessarily from ACMA but 
from one of the telcos who’s just forked out a LOT of money 
(Billion$!) for the right to use clean spectrum. 

As soon as there is any report of interference by their 
customers, you can bet your bottom dollar (or billions of 
dollars!) that they will ‘search and destroy’ all offenders. 


So what to buy? 


If you’re in the market for a wireless microphone (and if 
you currently use one, that description probably fits you!) 
there are a couple of things you should look for: 

(a) Naturally, you must choose a wireless microphone in 
that 520-694MHz band. Don’t be tempted by descriptions 
which claim “approved frequencies” or some such if they 
aren’t in that band. They aren’t (approved, that is). 

(b) Take careful note of the digital TV frequencies being 
used in your area — and surrounds. Choose a microphone 
well away from these frequencies. 

(c) While theoretically within the TV band, 520-526MHz is 
currently unused by any TV channel, anywhere in Australia 
— so a wireless microphone in that frequency range should 
remain usable anywhere for at least the foreseeable future. 

However, there is no guarantee that this band (TV channel 
27) will not be taken up somewhere down the track (after 
all, they took 694-820MHz away!). And as we mentioned 
earlier, 520-526MHz is likely to become VERY crowded! 

(d) If at all possible, choose a wireless microphone that is 
‘frequency agile’ — that is, you can adjust its operating fre- 
quency (usually by pushing buttons). Of course, the receiver 
will need to have the same feature but if they are sold as a 
system, that’s pretty much taken for granted. 

The better wireless microphone systems are almost always 
frequency-agile but it is often found on cheaper ones as well. 

(e) Buy from a reputable source and get a money-back 
guarantee in case you find it can’t be used in your area. That's 
why it is usually preferable to buy from a bricks-and-mortar 
store than online, even if you do have to pay a little more. 
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If you do buy online, choose an Australian supplier who 
you can track down! 


Need more info? 


There’s a lot more information available on the ACMA 
website which, if you’re interested in wireless mics and/or 
digital TV, makes interesting reading. It’s just a pity that so 
few people know anything about this resource. 

So to summarise: if you have a wireless microphone which 
works in the 694-820MHz band, you need to buy a new one 
before December 31 this year and preferably one which is 
‘frequency-agile’ so it can be set to suit your location. Don’t 
assume that you won’t be affected. At the worst, you could 
be fined or digital TV interference could simply blot your 
microphone out. Depending on the situation, that could be 
even more embarrassing. 


Operating Wireless Microphones in UHF TV Areas: 
even now there are traps for young players! 


Over the past few months, I’ve been using the PA system 
referred to in the main article, the one which had the new ap- 
proved wireless microphones, for outdoor sports. It was being 
used ina ‘portable’ mode; that is, the PA was erected at a specific 
venue for one or two days, then packed away. 

The first few times | used it, up and down the NSW coast, it 
performed flawlessly. The wireless microphones had more than 
enough range (| estimated 250m line of sight) but the most recent 
occasion, in the Illawarra region of NSW, the range.was woeful — 
perhaps 10m or so but very intermittent. So what had changed? 

The first thing | did was ensure that the wireless mic receiver 
antennas weren't being shielded — that’s a common problem. 
Even damp or wet bricks in a building wall can chop the range 
way down. | elevated the receiver so it had perfect line-of-sight 
through a window. Nope — no change! 

Batteries? Most microphones these days operate on one or 
two “AA” cells, which obviously don’t last forever. | replaced the 
batteries and .. . scratch that one! 

Speaking of scratching, | was: my head, that is. | raised my 
. and the answer stared 


eyes to the heavens for inspiration . . 
back at me! | was in the northern suburbs of Wollongong and | 
was looking straight up at the TV transmitters on Broker's Nose, 
a prominent point on the Illawarra escarpment which was prob- 
ably no more than 3-4km away as the crow flies. 


“Could it be TV Interference . . .” There was no indication of 
any interference on the PA system but | wondered if the strong 
UHF TV signal was simply swamping the wireless mic receiver. 

Fortunately, the wireless mics were frequency agile, so it was 
easy enough to prove, especially with a two mic/two receiver 
system for an A:B comparison. | simply moved one of the mics 
and its receiver to a frequency as far away as | could from where 
it currently was, and bingo! The range suddenly increased to 
what | was accustomed to while the other mic/receiver range 
stayed stubbornly at about 10m! 

| adjusted the second mic/receiver pair to another far-distant 
frequency and was in business immediately. 

No, | don’t know what frequency | adjusted it to; at the time, 
| didn’t care — because it worked! | didn’t have any TV channel 
listing with me nor did | have ’net access. | also knew | wasn’t 
causing any TV intererence — there was a TV on in the same 
room showing the World Cup! | might have been lucky but with 
an event about to commence, that wasn’t my first concern. . .s¢ 
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Icom Australia has released a revolutionary 
new IP Advanced Radio System that works 
over both wireless LAN and IP networks. 


The IP Advanced Radio System is easy to 
set up and use, requiring no license fees 
or call charges. 


To find out more about Icom’s IP networking 
products email - salesfdicom.net.au 
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Well, we know that there are lots of valve enthusiasts out there who 
believe that valves are just better; much more musical and pleasant to 
listen to than those sterile solid-state circuits with oodles of negative 
feedback and vanishingly small harmonic distortion. Of course, valve 
amplifiers do have drawbacks, like heat and fragility, but what if you 
could get ‘valve sound’ from a solid-state state amplifier? Well now 
you can, with our Nirvana Valve Sound Simulator. 


T’S BEEN completely against the 

grain but we have now designed a 
solid-state circuit which deliberately 
distorts. Our Publisher, Leo Simpson, 
has had to be hand-cuffed, blind-fold- 
ed, muzzled and otherwise restrained 
from doing what he normally does — 
driving us towards perfection. Now we 
have taken another ‘path’ to produce 
the ‘desirable and musical’ effects of 
valve amplifier circuitry. 

OK, OK, we know that if you want 
genuine, true ‘valve sound’, the only 
recourse is to use a valve amplifier. 
But we are presenting another way 
to musical nirvana which musicians 
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commonly follow; using a solid-state 
amplifier with in-built valve circuitry 
simulation. This way, it’s the valve 
sound you have without using valves. 

Our Nirvana Valve Sound Simulator 
can be connected in series with any 
solid-state mono or stereo amplifier. 
It can be used by musicians or in the 
home for normal music listening. It lets 
you hear what valve sound is all about 
so you don’t have to go to the expense 
of replacing a perfectly good solid- 
state amplifier with a valve amplifier. 


What does it do? 


When a valve amplifier (sometimes 





called a tube amplifier) is compared 
objectively with a modern solid-state 
amplifier, the results can be somewhat 
uncomplimentary. The valve ampli- 
fier will typically have much higher 
distortion, more noise, more hum 
and certainly a less than straight-line 
frequency response when driving real 
loudspeakers. But the sum total of 
those effects is what valve amplifier en- 
thusiasts want: a mellower, softer and 
(it’s claimed) more ‘musical’ sound. 
Our Nirvana Valve Sound Simulator 
does not add noise and hum but it will 
produce the same effects on the signal 
as a valve amplifier: softer symmetrical 
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or asymmetrical clipping at the point 
of overload, mainly even-order har- 
monic distortion similar to the effects 
of a single pentode valve stage and a 
frequency response similar to that of 
a good quality class-AB valve ampli- 
fier with transformer coupling to the 
loudspeaker. 

We simulate the pentode valve stage 
‘effect by using a FET source-follower 
in the signal path. The soft clipping 
effect is achieved in the same FET 
source-follower stage and it is fully 
adjustable for degree, asymmetry etc. 

We also need to simulate the effect of 
a valve amplifier’s output impedance 
on the frequency response of a typical 
loudspeaker. This is where solid-state 
amplifiers have a big advantage over 
valve amplifiers. Well-designed solid- 
state amplifiers usually have an output 


UPPER BASS 


LOWER BASS RESONANCE 


RESONANCE 


IMPEDANCE 


10Hz 
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impedance which is less than one- 
sixtieth of the nominal impedance of 
a loudspeaker, ie, something less than 
150 milliohms. By contrast, a valve 
amplifier will typically have an output 
impedance of about 2Q, depending on 
how much negative feedback is ap- 
plied from the output terminals back 
to the earlier stages. 

The relatively high output imped- 
ance of the valve amplifier has two 
effects when driving loudspeakers. 
The first effect is a much lower 
‘damping factor’ which is the ratio 
of nominal loudspeaker impedance 
to the amplifier’s output impedance. 
For a solid-state amplifier, we expect 
to see damping factors of 60 or more 
and that means that the amplifier has 
very tight control over the movement 
of the loudspeaker cone. This leads to 


MIDBAND 
IMPEDANCE HUMP 


FREQUENCY = 
Fig.1: a typical bass reflex loudspeaker impedance curve. As shown, there’s a double hump at low frequencies, with 
the impedance then rising to a broad peak at the mid-frequencies (depending on the effect of the crossover network) 
and then rising again at the high end, due to the inductance of the tweeter. 


less ‘boomy’ bass and lower distortion 
of bass frequencies. 

An equally important advantage ofa 
very low output impedance is amuch 
more linear frequency response from 
all loudspeakers. This is because loud- 
speakers do not have a constant imped- 
ance, but one that varies widely with 
frequency. So ideally, a loudspeaker 
should be driven from a voltage source 
and that means having a low output 
impedance amplifier. 

With the much higher output im- 
pedance of a valve amplifier, the con- 
siderable variations in a loudspeaker’s 
impedance over the frequency range 
means that the overall response will 
be much ‘bumpier’ or less smooth. 
Say, for example, a valve amplifier has 
an output impedance of 2 ohms and 
the loudspeaker has a nominal output 
impedance of 8 ohms. That means that 
25% of the drive signal will be lost 
within the amplifier itself. 

But the effect is much worse because 
the loudspeaker’s impedance varies 
from less than 6 ohms to more than 
30 ohms. 

Fig.1 shows a bass reflex loudspeak- 
er impedance curve. Typically, these 
have a double hump at low frequen- 
cies, may rise to a second broad peak 
at the mid-frequencies (depending on 
the effect of the crossover network) 
and then rise again at the high end, 
due to the inductance of the tweeter. 
By contrast, loudspeakers in sealed 
cabinets have only one peak at the low 
frequency end. 

Any increase in impedance above 
the nominal value (eg, 8 ohms) at a par- 
ticular frequency will result in a boost 
to the loudspeaker’s response, while a 
reduction will result in a drop in the 
response — see Fig.3. This diagram 
depicts the effect on the frequency 
response of four loudspeaker systems, 
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previously published in SILICON CHP, 
when driven by an amplifier with an 
output impedance of 4 ohms. 

As you can see, the main areas of 
boosting occur at the two bass reso- 
nances and at the mid-band imped- 
ance hump. For example, with the 
JV100 loudspeaker depicted at the 
top of Fig.3, the boost is as much as 
+3.9dB. Similarly, there is a broad 
boost to the response of more than 
+3dB from around 500Hz to 1.5kHz 
and a smaller boost to the tweeter at 
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the high-frequency end. 

By contrast, ifthe same loudspeaker 
is driven by a solid-state amplifier with 
atypical output impedance of less than 
150 milliohms, there is no boost or cut, 
as it should be! 

The Nirvana simulates these loud- 
speaker frequency deviations with 
a number of individually adjust- 
able filters which are varied by the 
“Loudspeaker Response” control. The 
selection of a particular loudspeaker 
for simulation requires choosing a 





particular set of component values, to 
be discussed later in this article. 

The other control on the front panel 
of the Nirvana Valve Sound Simulator 
is for ‘Clipping Level’. 

If you want to delve more into valve 
sound, here are some interesting sites: 
(1) http://spectrum.ieee.org/consum- 
er-electronics/audiovideo/the-cool- 
sound-of-tubes 
(2) http://spectrum.ieee.org/consum- 
er-electronics/audiovideo/the-cool- 
sound-of-tubes/distortion 
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Fig.2: the complete circuit of the Nirvana Valve Sound Simulator. The input signals from CON3 are amplified by IC1, 
then distorted and clipped by JFETs Q1 & Q2. IC2 provides an indication of clipping symmetry while IC3 & IC4 act as 
parametric equalisers to adjust the frequency response to match that of a typical valve amplifier driving loudspeakers. 


(3) http://en.wikipedia.org/wiki/Tube_ 
sound 

In use, the Nirvana Valve Sound 
Simulator connects between the 
preamplifier outputs and the power 
amplifier inputs ofa solid-state ampli- 
fier. In amplifiers with a tape loop you 
can use this facility, while for a musi- 
cian’s (eg, guitar) amplifier, it would be 
connected into the effects loop. 

As shown in the photos, the unit 
is housed in a compact case and can 
be powered from an AC plugpack. 
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IC4: TLO74 
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Alternatively, balanced DC supply 
rails could be obtained from existing 
equipment. The socket for the AC sup- 
ply is accessed from the rear, as are the 
3.5mm stereo input and output sockets. 


Circuit details 

Refer now to Fig.2 for the circuit 
details. Each channel uses six op amps 
(all in four ICs) and a JFET, and both 
channels are identical. 

The input signal is applied via 
CONS, a stereo 3.5mm jack socket. If 


150Q 








RIGHT OUT 
10pF 


LED1-5 2N5485 ~ 
D 


K 
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only a mono signal is required, then 
a mono jack plug can be used to ap- 
ply signal to the left channel only. 
This will connect the ring terminal to 
ground and so prevent signal in the 
right channel. 

The following circuit description 
is for the left channel signal path. As 
shown, signal is applied via the tip 
connection of CON3 and is reduced 
by a factor of two, using two 22kQ 
resistors, so that line-level signals will 
not necessarily cause clipping in the 
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Fig.3: these curves simulate the wide deviations from a flat frequency response for four loudspeakers previously 
published in SILICON CHIP, caused by the interaction of the varying loudspeaker impedance with the typical 4-ohm 
output impedance of a valve amplifier. The amount of boost can be seen on the left-hand vertical axis (in dB) while the 
deviation in phase is shown in the dotted curves and the corresponding right-hand vertical axis (in degrees). These same 
effects can simulated with the Loudspeaker Response control of the Nirvana Valve Sound Simulator. 


following JFET stage if op amp IC1a is 
set for minimum gain. 

IC1a’s gain can be varied between 
1.2 and 13 by potentiometer VR1a 


which sets the signal clipping level in 
the JFET stage. When VR1a is set for 
minimum gain, the input signal needs 
to reach 1.66V RMS before clipping 








Soft clipping on overload 


Clipping symmetry can be adjusted 


(eg, from existing equipment) 
SS 





Simulates the frequency response of a valve amplifier when driving loudspeakers 
@ Provides mainly even-ordered harmonic distortion, ie, second, fourth, sixth etc 
@ |nput level control sets distortion threshold and clipping 


Clipping indicators for positive and negative signal excursions 


One of four different loudspeaker responses can be used or design your own 
Can run from a 9-12VAC supply (eg, a plugpack) or a +12VDC to +45V DC dual supply 
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occurs and when VR1a is set for maxi- 
mum gain, the input signal only needs 
to reach 109mV RMS before clipping. 

Following IC1a is the JFET ampli- 
fier stage, Q1. This is configured as a 
source follower (similar to a bipolar 
transistor emitter-follower or a valve 
cathode-follower). The JFET produces 
harmonic distortion similar to that in 
pentode valve stages (predominantly 
even harmonics) and it also produces 
soft signal clipping when overloaded. 

The signal from IC1a is fed to the 
Q1’s gate via a 100nF capacitor, while 
the signal output is taken from Q1’s 
source. Trimpot VR4 adjusts Q1’s 
operating current and this varies the 
symmetry of clipping, ie, whether the 
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signal clips symmetrically or whether 
it clips the positive or negative signal 
swings more severely. 

1C2a drives the positive and negative 
clipping indicators. It compares the in- 
put and output signals of Q1. When the 
signals differ, such as when Q1 is clip- 
ping, the output of IC2a swings high or 
low to drive LED1 (positive clipping) 
or LED2 (negative clipping). For this 
indication to be accurate, IC2a’s gain 
needs to be carefully adjusted to be 
equal to the gain of Q1, using trimpot 
VR2 (or VR3 in the right channel). 


Loudspeaker simulation 


The output signal from Q1 is then 
fed to the loudspeaker simulator sec- 
tion which comprises op amps IC3b, 
IC3a, IC4b & IC4a (the equivalent func- 
tions in the right channel are provided 
by IC3c, IC3d, IC4c & IC4d). 

IC3b can be regarded as the main 
op amp and its feedback network is 
modified by op amps IC3a, IC4a & IC4b 
which can each be regarded as single- 
frequency equalisers, much like those 
used in gyrator-based graphic equalis- 
ers. The difference is that we have no 
slider controls to vary the individual 
equalisers. The maximum gain at high 
frequencies is set by ‘high-frequency 
rise’ components R1L and C1L and 
the overall gain is set by VR6a, the 
Loudspeaker Response control. 

IC3a is the equaliser providing the 
simulated lower frequency imped- 
ance peak in a bass-reflex loudspeaker 
system. IC4b adds the upper bass peak 
for bass-reflex systems and the main 
peak in sealed systems. In the latter 
case, IC3a is effectively disabled and 
has no effect on the overall frequency 
response. 

Finally, IC4a provides a mid-band 
impedance hump that may be present 
with some speaker systems. 

So each of the three equalisers 
boosts a defined frequency band about 
a certain centre frequency. 

By selecting the. values of the 
capacitors and resistors, we can set 
the required tuning frequency and 
shape of the boost. We have designed 
the speaker impedance simulation 
circuitry using LTSpice (see www. 
linear.com/designtools/software/). 
This SPICE simulation program from 
Linear Technology can be used with 
Windows or Mac operating systems. 

The circuit file for this loudspeaker 
simulation (Valve Simulator.asc) is 
available on our website. You can 
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1 double-sided PCB, code 
01106141, 129.5 x 100mm 

1 front-panel artwork, 132 x 27mm 
OR 1 front-panel PCB, code 
01106142 

1 rear panel artwork, 132 x 27mm 

1 ABS instrument case, 140 x 
110 x 35mm (Jaycar HB-5970, 
Altronics H 0472) 

1 9-12V 50mA AC plugpack 
(optional, see text) 

1 PCB-mount DC socket (CON1) 

1 3-way PCB-mount screw terminal 
block, 5.08mm pitch (CON2) 

2 3.5mm PCB-mount stereo jack 
sockets (CON3,CON4) 

1 SPDT PCB-mount toggle switch 
(S1) (Altronics S 1421) 

1 16mm dual-gang 50kQ linear 
potentiometer (VR1) 

1 16mm dual-gang 10kQ linear 
potentiometer (VR6) 

4 10kQ horizontal trimpots (VR2- 
VR5) 

2 knobs to suit potentiometers 

2 DIL8 IC sockets (optional) 

2 DIL14 IC sockets (optional) 

4 No.4 x 6mm self-tapping screws 

4 PC stakes (GND,GND,TP1,TP2) 

1 100mm length of 0.7mm tinned 
copper wire 


Semiconductors 

2 LM833 op amps (IC1,IC2) 

2 TLO74 quad op amps (IC3,1C4) 

2 2N5485 JFETs (Q1,Q2) 

2 3mm high-intensity red LEDs 
(LED1,LED3) 

2 3mm high-intensity blue LEDs 
(LED2,LED4) 

1 3mm high-intensity green LED 
(LED5) 

2 15V 1W zener diodes (ZD1,ZD2) 

1 9.1V 1W zener diode (ZD3) 

2 1N4004 1A diodes (D1,D2) 


change the values and set the loud- 
speaker simulation curve yourself if 
you wish. Otherwise, we have a table 
that produces impedance curves for 
some typical loudspeakers. 


Power supply 

Power for the circuit can come from 
an AC plugpack (9-12V) rated at 50mA 
or more. Alternatively, positive and 
negative DC supply rails from existing 
equipment can be used. In the latter 
case, power is applied via CON2. 

Resistors R5, R6, R7 & R8 are used 





Capacitors 

2 470uF 16V PC electrolytic 

5 100uF 35-63V PC electrolytic 
2 10uF 16V PC electrolytic 

2 10unF 16V NP PC electrolytic 
2 1pF monolithic ceramic 

4 100nF MKT 

2 470pF ceramic 

2 47pF ceramic 

2 2.2pF ceramic 


Selected capacitors 

JV100 simulation: 2 x 330nF, 2 x 
150nF, 2 x 47nF, 2 x 22nF, 2 x 6.8nF 
& 2 x 1nF MKT, plus 2 x 470pF 
ceramic 

JV80 simulation: 2 x 270nF, 2 x 
100nF, 2 x 56nF, 2 x 22nF, 2 x 6.8nF 
& 2x 1nF MKT 

JV60 simulation: 2 x 120nF, 2 x 
82nF, 2 x 22nF, 2 x 12nF, 2 x 6.8nF & 
2 x 1nF MKT, plus 2 x 470pF ceramic 
8-inch woofer with piezo horn 
simulation: 2 x 270nF, 2 x 100nF, 2 
X 33nF & 4 x 4.7nF MKT 


Resistors (0.25W, 1%) 


8 1MQ 
4 100k 
2 47kQ 
4 22kQ 
4 10kQ 
1 4.7kQ 


2 1.5kQ 
2 8200 
2 620 
1 270Q 
2 1502 
2 102 


Selected resistors 

JV100 simulation: 2 x 22kQ, 4 x 
12kQ, 2 x 10kQ 

JV80 simulation: 2 x 33kQ, 4 x 10kQ 
JV60 simulation: 2 x 22kQ, 4 x 12kQ, 
2 x 10kQ 

8-inch woofer with piezo horn 
simulation: 2 x 10kQ, 4 x 8.2kQ 


Power supply resistors 
R5-R8: see text & Table 1 





when the external supply is 15V or 
more. They provide the voltage drop 
for 15V zener diodes ZD1 and ZD2. 
Table 1 on the following page shows 
the resistor values required for various 
supply voltages. 


Construction 

The construction is straightforward 
with all the parts mounted on a PCB 
coded 01106141 and measuring 129.5 
x 100mm. This is housed in a small 
instrument case measuring 140 x 110 
x 35mm (WxDxH). 
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The PGB is fastened into 
the case using four self- b | 
tapping screws which 
go into integral corner 
pillars. 









01106141 


VALVE SIMULATOR 





Fig.4: follow this parts layout diagram to build the PCB. Resistors R1-R4 
and capacitors C1-C7 in the filter networks are selected from Table 2, while 
__ the power supply resistors (R5-R8) are selected from Table 1 (see text). Before installing any of the parts, 
you need to use Table 2 to select the 
) ors For External Dual Su required values for resistors R1-R4 
mee SS =. and capacitors C1-C7 to simulate a 
Supply Voltage pe RG ee ee particular speaker. These values de- 
+45VDC pend on the speaker load that is being 
+40VDC simulated, as explained earlier. 
+35VDC 1.5kQ 1W Basically, Table 2 shows the values 
required to simulate various loud- 
+30VDC 6202 1W = 6200 1W 
+25VDC 3900 1W - 3900 1W simulate the sound ofa valve amplifier 


+20VDC 2900 1/2W ee ee | 2900 1/2W driving one of these types of speakers. 
= If you don’t have a preference, we 
+15VDE 100 1/2W Ba 100 1/2W suggest using the JV80 values. Alter- 
+12VDC 10 1/2W eae ea 10 1/2W natively, you can determine your own 


Note: a dash (—) means that no component is installed. component values based on LTSpice 





fable 1. Dropping Resist 


) 


speaker loads. In other words, you can 












m) Pett TY, ‘aalar > H 7 | ‘ | TT, | aale« : 
i VCnted, ov ied & FIEZO Horn LOUGSPeakel 


j 2 AX 


Midband Hump 
| ce | c7 | RA 
10kQ 













lable 2: F ited, 
First Impedance Peak | Second Impedance Peak 


| & C Values Fo 

VR6 

Setting c2* C3* R2* 
JV100 (8-ohm) 5.6kQ | 470pF | 22kQ | 330nF | 22nF | 12kQ 47nF 1nF 12kQ 
JV80 (8-ohm) 5.6kQ - - 270nF | 22nF | 10kQ | 100nF | 6.8nF | 10kQ | 56nF 
JV60 (4-ohm) 3.9kQ 470pF | 22kQ 120nF | 22nF | 12kQ | 82nF | 6.8nF | 10kQ | 12nF 1nF 12kQ 
S-inch speakers, with | 3 940 | 47nF | 8.2ka | 270nF | 33nF | 8.2kQ | 100nF | 4.7nF | 1oKa | — 2 
Note 1: R & C numbers show an ‘L’ suffix for the left channel components and an ‘R’ suffix for the right channel components on the circuit and 


piezo horn (8-ohm) 
PCB layout. Note 2: * denotes no component for a sealed enclosure. Note 3: VR6 setting shown is for 40 output impedance amplifiers. VR6 is 
set to a lower resistance for lower output impedance. Note 4: a dash (—) means that no component is installed. 
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simulation, as explained earlier. 

You also need to decide on the 
power supply that you will be using 
and select resistors R5-R8 from Table 1 
if using an external split DC supply (ie, 
one with positive and negative supply 
rails). This could come from a power 
amplifier or preamplifier, for example. 

Alternatively, resistors R5-R8 are 
not required if using an external 
9-12VAC plugpack supply. 

Fig.4 shows the parts layout on the 
PCB. Begin the assembly by installing 
the resistors. Table 3 shows the resis- 
tor colour codes but you should also 
check each one using a DMM before 
mounting it in place. 





= 
i) 
= 
= 
= 
o 


t 
' 
a 








cooooooo0cceurdo 
;ONYVANNNAAANAO 
& 
NI 
ay 
re) 


_ EEL EE EE DETTE L EEE 








Follow with the IC sockets, diodes 
D1 & D2, zener diodes ZD1-ZD3 and 
trimpots VR2-VR5. Take care to ensure 
that the diodes and zener diodes are 
orientated correctly and note that the 
IC sockets all face in the same direction 
(ie, pin 1 at top left). 

The capacitors are next on the list. 
Table 4 shows the codes used on the 
smaller ceramic and MKT types. Be 
sure to orientate the polarised elec- 
trolytic types correctly and note that 
the two 10uF electrolytics at top right 
are non-polarised (NP). 

Switch S1 and power socket CON1 
are necessary only if using the AC 


a ames for the ees piaiaaies 


4-Band Code te (1%) 

brown black green brown 
brown black yellow brown 
yellow violet orange brown 
red red orange brown 
brown black orange brown 
yellow violet red brown 
brown green red brown 
grey red brown brown 
blue red brown brown 

red violet brown brown 
brown green brown brown 
brown blag black brown 











3-way screw terminal block CON2 
is necessary only if you are using an 
external split DC supply. 

Now for the two potentiometers 
(VR1 & VR6). Before fitting them, cut 
their shafts to suit the knobs using a 
hacksaw and clean up the ends with 
a file. It’s also necessary to file away a 
small area of the passivation layer at 
the top of each pot body, to allow an 
earth wire to be later soldered in place 
(see Fig.4). 

The pots are then fitted to the PCB, 
noting that VR1 is 50kQ and VR6 is 
10kQ. Push them all the way down onto 
the PCB before soldering their pins. 

The two 3.5mm jack sockets (CON3 
& CON4) can go in next, followed by 
PC stakes for TP1 & TP2 and at the two 
GND positions (one to the right of VR1 
and one to the left of CON3). 


Installing the LEDs 


The five LEDs are installed with 
their leads bent down through 90°, so 
that they later protrude through match- 
ing holes in the front panel. First, 
check that the anode (longer) lead is 
to the left (lens facing towards you), 
then bend both leads down through 
90° exactly 8mm from the rear of the 
plastic lens. This is best done by fold- 
ing them over a cardboard strip cut to 
8mm wide. 

Once that’s done, install each LED 
so that its horizontal leads are exactly 
4mm above the PCB. In practice, it’s 
just a matter of pushing each LED 
down onto a 4mm-thick spacer (eg, a 
cardboard strip) before soldering its 
leads. Use a green LED for LED5, red 





uF Value IEC Code EIA code| 


| Value 


ipF* 4pF> . 1u0 105°. 
| 100nF O.1pF 100n 104 
| 470pF NA 470p 471 | 
| 47pF NA 47p 47 | 
LL: 2.2pF NA — 2p2 BB if 





5-Band Code 2 (1%) 

brown black black yellow brown 
brown black black orange brown 
yellow violet black red brown 
red red black red brown 

brown black black red brown 
yellow violet black brown brown 
brown green black brown brown 
grey red black black brown 

blue red black black brown 

red violet black black brown | 
brown green black black brown 
brown blag black gal Bi brown | 
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Frequency (Hz) 
Fig.5: spectrum analysis of the output signal (1kHz input), 
showing strong second harmonic distortion along with 
third, fourth, fifth and sixth harmonics at lower levels. 
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Fig.6: this graph shows the frequency response of the unit 
when set to simulate driving JV60s, with the Loudspeaker 
Response knob in three different positions. 
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LEDs for LEDs1&3 and blue LEDs for 
LEDs2&4. 

The PCB assembly can now be com- 
pleted by earthing the pot bodies to 
the GND PC stake next to VR1. That’s 
done using a length of 0.7mm-diameter 
tinned copper wire (see Fig.4 and 
photos). You can straighten the tinned 
copper wire by clamping one endina 
vice and then stretching it slightly by 
pulling on the other end with pliers. 
It can then be bent to shape so that it 
contacts the GND stake and soldered. 


Final assembly 

Before installing the PCB assembly 
in the case, you have to drill anumber 
of holes for the front and rear panels. 
The accompanying panel artworks 
(Fig.7) can be copied and used as drill- 
ing templates or you can download 
them (in PDF format) from the SILICON 
Cup website and print them out. 
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On the front panel, you will need to 
drill (and ream) a5mm hole for switch 
S1, 3mm holes for LEDs1-5 and 7mm 
holes for the pot shafts. The two stereo 
jack sockets on the rear panel require 
6mm holes, while the DC power socket 
requires a 6.5mm access hole. 

Once that’s done, print the artworks 
from the website onto photo paper 
and attach them to the panels using 
silicone sealant. The holes can then 
be cut out with a sharp hobby knife. 

Alternatively, you can purchase 
a PCB-based front panel (blue with 
white labels) with pre-drilled holes 
from the SILICON CHIP Partshop. 

After that, it’s just a matter of fit- 
ting the panels to the PCB, sliding the 
assembly into the case and securing 
the PCB to the four corner mounting 
pillars using No.4 self-tapping screws. 
The assembly can then be completed 
by pushing the knobs onto the pot 


9-12VAC 





shafts. Reposition the end pointers of 
the knobs ifnecessary, so that they cor- 
rectly point to the fully anti-clockwise 
and fully clockwise positions. 


Testing 


If you haven’t already done so, insert 
the four ICs into their sockets, taking 
care to orientate them correctly. Next, 
apply power and check that the power 
LED lights. If that checks out, check 
the supply voltage between pins 8 & 4 
of both IC1 and IC2 and between pins 
4 & 11 of IC3 and IC4. This should be 
around 30V DC if you are applying 
12VAC via CON1. Alternatively, you 
can apply +12V DC or more via 3-way 
screw terminal block CON2. 

Note that you will only get around 
25V (ie, +12.5V) if using a 9VAC sup- 
ply. Regardless, there should be about 
9.1V across ZD3. 

Assuming these supply voltages are 


Fig.7: these two artworks 
can be copied and used as 
drilling templates for the 
front & rear panels. They 
can also be downloaded 
as a PDF file from the 
SILICON CHIP website. 


siliconchip.com.au 








all correct, follow this step-by-step 
procedure to adjust the unit: 

Step 1: connect a DMM set to volts be- 
tween TP1 and a GND stake and adjust 
VR4 for a reading of 5.8V. Similarly, 
adjust VR5 for a reading of 5.8V at TP2. 
This gives more or less symmetrical 
clipping for both:Q1 and Q2. 

Step 2: apply a low-level 1kHz signal 
to both the left and right inputs and 
adjust VR2 & VR3 so that the positive 
and negative peak LEDs in both chan- 
nels are off. You will find that there’s 
a ‘dead spot’ in each trimpot’s setting 
range where both LEDs are off. Set each 


trimpot to the middle of its dead spot. Output 
If the LEDs do not extinguish with @& 


this adjustment, try reducing the signal 
level using VR1 or at the signal gen- 
erator (note: if you don’t have a signal 
generator, it’s easy to find a virtual 
instrument online). 

Step 3: increase the signal level so 
that the clipping LEDs begin to light. 
When that happens, readjust trimpots 
VR4 & VR5 to give symmetrical clip- 
ping, so that both the red and blue 
clipping LEDs light at the same time 
(ie, for the positive and negative signal 
excursions). 

Finally, note that the input and out- 
put sockets can be linked to RCA con- 
nectors via adaptor cables (ie, 3.5mm 
stereo jack plug to RCA). For mono use, 
a mono 3.5mm jack plug can be used 
in which case only the left channel 
will be supplied with signal and the 
right channel input will be grounded. 
A mono plug could then also be used 
for the output since the right channel 
will not have any output. SC 


Fig.8: the output 
of the unit (green) 
compared to the 
input (yellow) at 
1kHz. The signal 
level is set below 
clipping and the 
distortion residual 
(blue) is primarily 
second harmonic. 
This can be clearly 
seen as the residual 
is at twice the 
fundamental freq- 
uency, ie, 2kHz. 
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signal, causing clipping. The effects of soft clipping and 
the frequency response shaping filter are evident. 
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The rear panel carries access holes for the input and output sockets and for 
the power socket. Note how the metal bodies of the two pots are earthed to 
the GND stake using a length of tinned copper wire. 
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Fig.10: the input signal is still being clipped here but 
now we have adjusted VR4 & VR5 to give asymmetrical 
clipping, resulting in a different type of distortion. 
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hnhera4- Pin 
Micromite 


Introduced in the May & June 2014 issues 
of SILICON CHIP, the Micromite is an easily- 
programmed microcontroller in a 28-pin 
DIP package. This month, we present its big 
brother, the 44-Pin Micromite. It has all the 
features of the original Micromite but with 
a much more generous 33 I/O pins. Now 
there’s no excuse not to use a Micromite in 


your biggest project. 


OASTING A LARGE amount of 

memory, 19 I/O pins and many 
other features, our original Micromite 
was based on a low-cost 28-pin micro- 
controller loaded with a fully-featured 
BASIC language interpreter called 
MMBasic. 

It’s been an instant hit with readers 
but its one drawback was the limited 
number of I/O pins. For example, if 
your project used a keypad and an 
LCD, you immediately lost 13 pins just 
supporting those two devices. This left 
you with only six spare I/O pins for 
other duties. 

This is why we have ported MM- 
Basic to a 44-pin variant of the same 
PIC32 microcontroller. This version 
of the Micromite has 33 I/O pins that 


variables 


Small form factor, 68 x 22mm 
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can be controlled via MMBasic, so 
you would still have 20 pins free after 
implementing a keypad and LCD. And 
that is plenty for connecting distance 
sensors, servos, IR remote control and 
whatever else that you might need to 
finish your project. 

The only possible downside is that 
the 44-pin chip is a surface-mount 
package. However that’s not a real 
obstacle as we will show you how to 
solder it to an adaptor board which 
can then be easily connected to ex- 
ternal devices via header pins. We 
will also describe how to install the 
44-Pin Micromite, a USB interface 
and a power supply on a single PCB 
that’s only a little larger than a regular 
40-pin DIL IC. 


32-bit microcontroller with on-board BASIC interpreter and 42kB memory for program plus 


33 I/O pins including 13 that are analog capable and 17 that are 5V tolerant 


1/0 pins have a 0.1-inch pitch with 0.7-inch track (similar to a 40-pin DIL package) 
Integrated USB-to-serial bridge for the console 

Integrated 3.3V voltage regulator for the microcontroller and external circuitry 
Power requirement: 5V at 38mA plus the current drawn from the 1/0 pins 











The Micromite Module transforms the 
44-pin Micromite (which is a surface 
mount chip) into a plug-in module that’s 
only a little larger than a conventional 
44-pin DIL IC. On the top of the module 
(from bottom left) are the USB connector 
for the programming console, a jumper 
for selecting the power source, a green 
power LED, the Micromite chip, a 
programming header (if you ever need to 
upgrade the version of MMBasic) and a 
reset button. 


GEG RREIGRIAGIANV 


The 44-Pin Micromite has all the 
features of the original 28-pin variant. 
This includes 42kB of memory for 
your program and variables combined, 
floating point calculations, extensive 
string handling, multi-dimensional 
arrays and easy control of I/O. Also, 
like the 28-pin version, this new ver- 
sion has support for IR remote control, 
distance measuring sensors, tempera- 
ture sensors and much more. 

We won’t repeat the description of 
the original Micromite here. Instead, 
if you missed the original articles, it 
would be well worth ordering the May 
and June 2014 issues from SILICON CHIP 
(eg, via the website). Alternatively, 
you can purchase on-line access to 
these issues. 

The only discernible difference be- 
tween this version and the 28-pin ver- 
sion is that you now have 33 I/O pins 
at your beck and call. This includes 13 
pins that can be used to measure volt- 
age and 17 pins that are 5V tolerant. 

Fig.1 shows the pin-outs of the 44- 
pin Micromite and the capabilities 
of each I/O pin. As with the 28-pin 
version, it would be worth copying 
and laminating this diagram as you 
will find yourself referring to it quite 
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DIGITAL / INT / 5V / COUNT / I2C DATA 
DIGITAL / INT / 5V 

DIGITAL / INT / 5V 

DIGITAL / INT / 5V 

DIGITAL / INT / 5V 

GROUND 

CAPACITOR (+) TO GROUND 

COM1: TRANSMIT / 5V / INT / DIGITAL 
COM1: RECEIVE / 5V / INT / DIGITAL 
DIGITAL / INT / ANALOG 
PWM2B / DIGITAL / ANALOG 

5V / DIGITAL 

5V / DIGITAL 

ANALOG / DIGITAL / SPI CLOCK 
ANALOG / DIGITAL / PWM2A 
ANALOG GROUND 

ANALOG POWER (+2.3 - +3.6V) 
RESET 

ANALOG / DIGITAL 

DIGITAL /ANALOG / SPI OUT (MOS!) 
ANALOG / DIGITAL / PWM1A 
ANALOG / DIGITAL / PWM1B 


— ot ed oe od 
ARWN—|DODANAGRLhWN — 


I2C CLOCK / DIGITAL / 5V / COUNT 
DIGITAL / 5V / COUNT / WAKEUP/ IR 
DIGITAL / 5V / COUNT 

SPI IN (MISO) / 5V / DIGITAL 
POWER (+2.3 - +3.6V) 

GROUND 

5V / DIGITAL 

5V / DIGITAL 

DIGITAL 

5V / DIGITAL 

CONSOLE Rx (DATA IN) 

CONSOLE Tx (DATA OUT) 

5V / DIGITAL 

COM2: RECEIVE / DIGITAL 

COM2: TRANSMIT / DIGITAL 
GROUND 

POWER (+2.3 - +3.6V) 

ANALOG / DIGITAL 

ANALOG / DIGITAL 

ANALOG / DIGITAL 

COM1: ENABLE / DIGITAL / ANALOG 
PWMIC / DIGITAL / ANALOG 


Fig.1: these are the connections to the 44-pin Micromite Module and the functions available on each pin. The pins 
marked with colour labels are used for power etc and cannot be used for general I/O while the other pins can be 
used for one or more of the following functions: 


@ ANALOG: these pins can be used to measure voltage (AIN). 
@ DIGITAL: can be used for digital I/O such as digital input (DIN), digital output (DOUT) and open collector output 


(OOUT). 


often when designing with the 44-pin 
Micromite. 


Suitable microcontrollers 


There are two 44-pin PIC32 micro- 
controller versions that will work with 
the Micromite firmware. 

The recommended chip is the PIC- 
32MX150F128D-50I/PT which is rated 
at a top clock speed of 50MHz. The 
alternative is the PIC32MX150F128D- 
I/PT which is rated at 40MHz. Either 
chip can be purchased direct from the 
Microchip Direct website or from the 
usual distributors (Digikey, Mouser, 
element14, RS Components, etc). 

The Micromite will start up with its 
clock speed set to 40MHz but this can 
be increased to 48MHz under program 
control. All the 40MHz chips that we 
have tested worked OK at 48MHz but 
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INT: can be used to generate an interrupt (INTH, INTL and INTB). 
COUNT: can be used to measure frequency (FIN), period (PIN) or counting (CIN). 

5V: these pins can be connected to 5V circuits. All other I/O pins are strictly 3.3V maximum. 
COM xxx: these are used for serial communications. 

IC xxx: these are used for I2C communications. 

SPI xxx: if SPI is enabled these pins will be used for SPI I/O. 

PWM xxx: PWM or SERVO output (see the PWM and SERVO commands). 
IR: this can be used to receive signals from an infrared remote control (see the IR command). 
WAKEUP: this pin can be used to wake the CPU from a sleep (see the CPU SLEEP command). 
Note: the mnemonics in brackets are the modes used in the SETPIN command. 


this isn’t guaranteed. Regardless, the 
slower chip can be an option if you are 
unable to source the faster chip or you 
don’t need that extra ounce of speed. 

The technical details of the 44-pin 
chip (supply voltage, drive capability, 
etc) are the same as for the 28-pin chip. 


Adaptor board 


One way of getting started with the 
44-pin Micromite is to solder it to an 
adaptor board. These take the 44 pins 
of the chip and distribute them to 
header pins on a 0.1-inch pitch. From 
there, you can attach jumper leads for 
testing or even install the chip as a 
plug in module into your final circuit. 

If you search the Internet for “44 
pin TQFP Adaptor” you will find 
many examples. For example, Futur- 
lec has these adaptors (Part Code: 





44PINTQFP) for $A1.26 each. We’ll 
provide some hints on soldering the 
chip to this adaptor board later — it’s 
not as daunting as you may believe. 
If you purchase a blank chip, it can 
be programmed with the MMBasic 
firmware using the circuit shown in 
Fig.2. Note that you need a decoup- 
ling capacitor from pin 7 (Vcap) to 
ground. This should be either a 10uF 
multilayer ceramic or a 47pF tanta- 
lum. Don’t leave this capacitor out or 
substitute an electrolytic because the 
chip will fail to start or even worse, 
you could have intermittent issues. 


The Micromite Module 

Rather than use the adaptor board, a 
better option is to build our Micromite 
Module. It’s a PCB measuring just 68 
x 22mm and includes the Micromite 
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PICkit 3 
ICSP CON. 


+2.3V — 3.6V 25mA 
(FROM PICkit 3) 


44-PIN 


MICROMITE 


tn 47 uF TANTALUM 
] OR 10yF CERAMIC 


LOADING FIRMWARE 


Fig.2: here’s how to connect a 44-pin PIC32 microcontroller to a PICkit 3 
programmer to load the MMBasic firmware. Once it’s wired up, you use 
MPLAB IPE (free from Microchip) to program the device. 


chip, a voltage regulator, a USB in- 
terface for the console and all the 
other parts required to turn the 44-pin 
Micromite into a complete computer 
module. 

This board uses a similar pin width 
as a regular 44-pin DIL IC and is only 
a little longer, so you can treat the 
completed module as a plug-in com- 
ponent, similar to a large IC. You could 
plug it into a solderless breadboard 
for experimenting and then move it to 
your final circuit which could be on 
a custom-designed PCB or even built 
on stripboard. 

By the way, the Micromite Module 
was designed by Phil Boyce in the 
United Kingdom. Phil was one of 
our hard-working beta testers for the 
Micromite firmware and he was so 
taken with the potential of the 44-pin 
Micromite that he designed this board 
to accommodate it. You can purchase 
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blank PCBs from Phil’s website (www. 
micromite.org) or from-the SILICON 
CHIP website. 

Fully assembled and tested boards 
are also available direct from Phil 
and parts and kits are available from 
SILICON CHIP (see panel). 


Main features 


The most useful feature of the Mi- 
cromite Module is that it incorporates 
a USB interface for the console, so you 
don’t need a USB-to-serial bridge. You 
simply plug a USB cable directly into 
the module and (using either a PC or 
a Mac) immediately begin to write and 
edit your BASIC program. 

The PGB includes two LEDs to indi- 
cate activity on the console — red for 
received data from the PC to the Micro- 
mite Module and green for transmit. 
These are handy when you are setting 
up the drivers on the PC, as you can 





One method of experimenting with the 44-pin Micromite is to mount it 

_on an adaptor board which brings all the chip’s connections to header 

pins with a 0.1-inch pitch. This makes it easy to use the Micromite with a 
breadboard to develop the final circuit. Adaptor boards can be easily found 


on the Internet for less than $2.00. 
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see if your keystrokes actually reach 
the Micromite. 

The module also includes a regula- 
tor which accepts either the USB 5V 
supply or an external 5V supply and 
regulates it down to 3.3V for the Mi- 
cromite chip. A second green LED on 
the top of the board indicates a work- 
ing 3.3V supply. Both the 5V and 3.3V 
supplies are also available on several 
header pins and in the case of the 3.3V 
supply, can provide up to 100mA for 
other circuitry. 

The Micromite chip’s connections 
are all brought out to header pins along 
the sides of the board. This enables you 
to build a “short form” version of the 
board which need only to be populated 
with the 44-pin Micromite chip anda 
few decoupling capacitors. This will 
then act the same as the 44-pin TQFP 
adaptor described earlier, the differ- 
ence being that the you can later add 
the other features of the Micromite 
Module if you wish. 

Because the I/O pin numbers in 
MMBasic are the same as the actual 
pin numbers on the chip (and because 
all the chip’s connections are brought 
out to header pins), the pin number- 
ing scheme is simple to follow. For 
example, pin 15 in MMBasic is the 
same as pin 15 on the chip which is 
also the same as pin 15 on the Micro- 
mite Module. 

This also means that you can simply 
follow Fig.1 when you are connecting 
the Micromite Module into a circuit 
and writing programs for it. 

A jumper on the top of the PCB 
connects the USB 5V supply to the 
regulator. This means that if you 
wish to power the Micromite Module 
via USB, you should place a jumper 
on these pins. Alternatively, you can 
power the module from an external 5V 
supply (via the header pins along the 
edge of the board), in which case the 
jumper must be removed. 

The PCB also includes an ICSP (In- 
Circuit Serial Programmer) header 
(CON2) so that you can update the 
firmware using a programmer such as 
the PICkit 3. Another useful feature 
is reset button S1. Pressing this pulls 
MCLR-bar of IC1 to ground and restarts 
the Micromite, which is far more con- 
venient than cycling the power (which 
would also close the USB connection 
to your computer). 


Circuit details 
Fig.3 shows the complete circuit 


siliconchip.com.au 








USE USB 
POWER F1 PTC (SMD) 


512 
P1* le 


CON3 
USB 


REG1: LF33ABDT 


100nF 
TO IC] PIN 34 T 


TO ICI PIN 33 


F128D. 


PG_CLK 


* INSTALL JP1 FOR USB POWER. REMOVE 
JP1 FOR EXTERNAL POWER VIA CON1. 


$6 44-PIN MICROMITE MODULE 


Fig.3: the complete circuit for the Micromite Module. IC1 is the 44-pin PIC32 chip programmed with MMBasic, while 
IC2 (an FT232RL USB-to-serial converter) provides the USB interface. Power can come either from the USB host (JP1 
installed) or from an external source via CON1 (JP1 out). 


for the Micromite Module. The USB 
interface is provided by IC2 which is 
an FT232RL USB-to-serial converter 
made by Future Technology Devices 
(FTDI). This chip is used in many 
USB-to-serial converters and has 
good driver support for all operating 
systems. In fact, many operating sys- 
tems come with the required drivers 
pre-installed. 

As shown, the D+ and D- lines from 
the USB connector (CON3) are con- 
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nected to pins 15 & 16 of IC2 respec- 
tively. This is then translated to a bi- 
directional TTL serial interface at pins 
1 (TxD, transmit) and 5 (RxD, receive). 
These are in turn connected to the 
serial interface of the Micromite chip 
(IC1), ie, pins 34 & 33 respectively. 

The FT232RL also directly drives 
LED1 (red) and LED2 (green) which 
indicate activity on the console. 

The 5V rail for the FT232RL (IC2) 
and the 3.3V regulator (REG1) can 





come from an external source (via 
CON1) or from the USB host (ie, a 
PC). In the latter case, jumper JP1 
must be installed and F1, which is a 
PTC resettable fuse, protects the host 
computer from an accidental short on 
the 5V output pins. 

Note that JP1 must not be installed 
if an external 5V supply is connected 
to CON1. 

REG1 is a fixed voltage, low-dropout 
regulator which supplies the Micro- 
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TOP OF MODULE 
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geocososess 








Fig.4: you can purchase a kit of parts and assemble the Micromite Module yourself as shown here. That way you 
can use the module as just a carrier for the Micromite chip or you can fully populate it with all the parts, including 
the USB interface and the voltage regulator. 


mite chip (IC1) and the green power 
LED (LED3). This LED can be disabled 
by leaving the solder pads at JP2 open. 
This can be important if you are trying 
to reduce the current consumption and 
every milliamp is important. 

The remaining parts in the cir- 
cuit are PIC32 microcontroller IC1 
(programmed with MMBasic), a few 
decoupling capacitors, ICSP header 
CON2 and two single-row 22-pin head- 
ers CON4 & CONS. 


Building it 

Many of the parts used in this pro- 
ject, including the two ICs and the 
regulator, are surface-mount devices. 
In addition, parts are mounted on both 





‘Jera Term: Serial port: es LD 


Baud rate: 


(ix J 
Data: [_Goncel | 
[Hee | 





Parity: : 
Stop: Help | 





Flow control: 


msecjfchar i} msecfline 








Fig.5: the terminal emulator that 
you use to connect to the Micromite 
Module (via USB) should be set to 
38400 baud, eight bits data, no parity 
and one stop bit. This screen grab 
shows what the set-up dialog in 

Tera Term should look like with the 
correct values entered. Note that your 
port number will almost certainly be 
different to that shown because it will 
change with the physical USB port. 
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sides of the PCB. This was done to 
reduce its size but it is still a relatively 
painless job to assemble. 

Alternatively, a fully-assembled 
and tested Micromite Module is also 
available if you don’t want to build it 
yourself (see the accompanying panel: 
“Where To Buy the Parts”). 

We have described how surface- 
mount devices are soldered many 
times in the past, so we will only give 
the basics here. You need to start with 
a good SMD soldering flux (eg, Altron- 
ics H1650A or Jaycar NS3036) and a 
temperature-controlled soldering iron 
with a small flat tip (not needle-point). 
Ax10 magnifier (preferably a magnify- 
ing lamp) is also useful, as is a pair of 
fine-tipped tweezers. 

With SMD soldering you mostly 
carry the solder to the joint on the 
iron’s tip and because of that, you need 
atip with sufficient width (eg,a 0.8mm 
chisel tip) to hold the solder. You also 
need to liberally apply the flux to the 
joint beforehand as any flux in your 
solder will have boiled away before 
it reaches the joint. 

The Micromite chip has a forgiving 
0.8mm pin spacing and is therefore 
relatively easy to solder. Start by ap- 
plying plenty of flux to the pads on the 
PCB, then place the IC on the board 
and nudge it into position. While do- 
ing this make sure that the dot marking 
pin 1 on the chip matches the corre- 
sponding dot on the PCB. 

Once it’s in place, hold the chip 
down with tweezers or a matchstick 
and tack-solder one pin. That done, 
check that the chip’s alignment is still 





correct then solder the diagonally op- 
posite pin. After that it’s just a case of 
applying more flux to all the pins and 
soldering them one by one. Don’t forget 
to return to the first pin and resolder it. 

The secret is to use only a very small 
amount of solder on the iron’s tip and 
gently touch it where each pin meets 
the PCB. Provided you’ve applied 
plenty of flux, the solder will magi- 
cally flow around the pin, making a 
perfect joint. 

If you have too much solder on the 
iron, the result will be a solder blob 
joining two or more pins. If that hap- 
pens, reduce the amount of solder on 
the iron and carry on. It’s then just a 
matter of going back and removing 
any excess solder (eg, solder shorts 
between pins) using solder wick. 

Remember, flux is your friend and 
too much solder your enemy. 

If you just want to use the PCB as 
a carrier for the Micromite chip, you 
only need to install the chip itself, 
the 47uF capacitor connected to pin 7 
(Vcap) and the three 100nF decoupling 
capacitors on pins 17, 28 & 40. The 
SMD capacitors are easy to install: in 
each case, apply plenty of flux and 
tack solder one end, then solder the 
other before returning to the first to 
complete the job. 

Alternatively, if you wish to assem- 
ble the full board, you should now 
move on to IC2, REG1 and the other 
components. Other than the header 
pins, which should be left until last, 
the order of assembly is not important. 
Note that IC2 (the FT232RL) has a finer 
pitch than IC1 at 0.65mm but it is still 
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Parts List-44-Pin 
MicromitesModule 


1 double-sided PCB, code 24108141, 
68 x 22mm 

1 USB Mini-B SMD socket (5-pin) 
(Altronics P1308, Rapid 24-0357) 

1 PCB-mount SPST tactile switch (right 
angle, red) (RS Components 745- 
5182) 

2 22-pin single row headers, 0.1-inch 

1 5-pin single row header, 0.1-inch 

1 3-pin single row header, 0.1-inch 

1 2-pin single row header, 0.1-inch 


Semiconductors 

1 Microchip PIC32MX150F128D-501/ 
PT microcontroller (SMD: TQFP) 
programmed with 2410814A.hex 
(IC1) 

1 STMicroelectronics LF33ABDT 
voltage regulator (SMD:DPAk) (IC2) 

1 FTDI FT232RL USB-to-Serial UART 
(SMD:SSOP-28) (IC3) 

1 red LED (SMD:0805) (LED1) 

2 green LEDs (SMD:0805) (LED2, 

. LEDS) 
1 PTC resettable poly-fuse (SMD:1206) 

(Littelfuse 1206LO50YR) 


Capacitors 

2 47pF 6.3V tantalum, ESR <1Q 
(SMD:1210) 

5 100nF ceramic (SMD:1206) 


Resistors 
1 10kQ (SMD: 1206) 
1 330Q (SMD: 0805) 
2 330Q (SMD: 1206) 
1 100Q (SMD: 1206) 





a straightforward soldering job. 


Don’t forget to short the two pads 
marked JP2 with a blob of solder if you 
want power indicator LED3 to operate. 


Programming the PIC32 





























As mentioned, if you have a blank 
microntroller chip, you will need to 
program it with the MMBasic firm- 
ware. The firmware for the 44-pin chip 








Fig.6: when you have connect- 





ed to the Micromite, this is the 
message that you will see when 
the reset button is pressed. It | 
shows that the Micromite is 
working correctly and you can 
start thinking of the program 
that you need to write to bring 
your project to life. 





Tcromite MMBasic Ver 4.5 
Copyright 2011-2014 BA Graham 








is different to the 28-pin chip version, 
so be sure to download the correct file. 
This is labelled as “44-pin” and can 
be downloaded from the SILICON CHIP 
website along with an addendum to 
the user manual covering the 44-pin 
chip. 

To program the microcontroller, you 
will need a programmer such as the 
PICkit 3. This should be connected to 
the ICSP connector which is on the 
top of the board. Using MPLAB IPE 
(part of MPLAB X from Microchip), 
it only takes a few seconds to load 
MMBasic onto the chip and turn it 
into a Micromite. Once that has been 
done, you will not need to use the 
programmer again unless you decide 
to upgrade MMBasic to a newer ver- 
sion at a later date. 


Getting it going 

Using the Micromite Module is 
simplicity itself. First, decide if you 
are going to use USB or external power 
and configure jumper JP1 accordingly 
(ie, install JP1 for USB power; leave 
it out for external power). That done, 
connect the Micromite Module to a 
USB port on your computer and check 
that the green power LED lights when 
power is applied (provided you’ve 
shorted the JP2 solder pads). 

In most cases, the operating system 
will already have the correct drivers 
installed and the module will be rec- 
ognised immediately. If not, you can 
download the driver from the FTDI 
website at http:/Awww.ftdichip.com/ 





With the correct driver installed, 
the Micromite Module will appear 
as a “USB Serial Port” in the device 
listing on your computer. You then 
need to run a VT100 compatible 
terminal emulator such as Tera Term 
(for Windows) and connect to the new 
communications port created by the 
Micromite Module. 

Now, when you press return on the 
terminal emulator, you should see a 
flash from the red LED (LED1, receive 
data) on the board and a flash from 
the green LED (LED2, transmit data) 
as the Micromite responds with the 
command prompt (ie, >). 

If you don’t see the red LED flash 
then something must be wrong with 
either the FT232RL chip (IC2) or the 
configuration of your computer. If you 
get ared flash when you press return 
but no green flash, the fault probably 
lies with the Micromite chip (eg, has 
it been programmed with the correct 
firmware’). 

Once you have both LEDs flashing 
correctly and the command prompt 
showing on your terminal emulator, 
you are ready to go. You can now enter 
and run your first program on the 44- 
pin Micromite. 


Firmware updates 

For firmware updates and handy 
hints, check the author’s website at 
geoffg.net/terminal.html Firmware 
updates will also be posted on the SILI- 
CON CHIP website at www.siliconchip. 
com.au 








Drivers/VCP.htm 


Various forms of the Micromite Module can be purchased from Phil Boyce’s website 
at www.micromite.org The options include a blank PCB (£3), a stripped-down 
44-Pin Micromite Light Module (£10) and a fully-assembled 44-Pin Micromite 
Module (£23.50). Check his website for details and many other Micromite add-ons. 


Alternatively, all the parts (including the PCB and a pre-programmed 44-pin 
Micromite chip) can be purchased as a kit for $A35 including GST (plus p&p) from 
the SILICON CHIP Online Shop. The PCB and pre-programmed Micromite chip 
are also available separately. MMBasic and a User Manual are also available 
on the SILICON CHIP website (free of charge). 
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Finally, you should also check out 
the Back Shed forum at thebackshed. 
com/forum/forum topics.asp?FID=16 
It has many Maximite and Micromite 
enthusiasts who will be only too HPP 
to help beginners. 





The author would like to thank the 
more than 40 dedicated beta testers 


atom ola <-re ho) me)Y(-)m aor ilelalistowie) 
ensure that the Micromite software 
is as bug-free as possible. 
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Digital Keypad with RFID 
Access Control 





control such as a laboratory, warehouse, 
bank etc. Housed in a sturdy IP65 vandal 
proof zinc alloy casing. 





+ Waterproof 

* 2000 users 

* Backlit keypad 
12VDC 

LA-5353 


HDMI Display Receiver 
Allows you to stream 
videos, music and 
photos wirelessly 
from your computer 
or DLNA enabled 
Android Smartphone 
or Tablet to your TV via HDMI. 


* Doubles as a Wi-Fi router 

* Supplied with software and (Mer ils: 
power adaptor (HDMI cable 
available separately) 

AR-1914 WAS $169 \ © 

















Suitable for an area requiring stricter access surveillance. Connect to a computer network to view video remotely from 


Economy 4 Channel DVR 
An affordable 4 channel DVR for home or office 


anywhere in the world using a web browser or Smartphone/iPhone® (via free 
installed app). Includes 500GB of storage for up to 300 hours of continuous video 
recording from up to 4 cameras (QC-3239 $59.95 each available separately). 


* Manual, scheduled or movement activation 
+ USB/HDMI connection 


+ Size: 300(L) x 210(W) 
x 50(H)mm 
QV-3049 


Network 2.4GHz Digital Wireless 7" LCD DVR Receiver 


and Camera Kit 

Simple, wireless and easy to install, this DVR kit is ideal for offices or retail stores 
where security is essential. Monitor everything with its 7" LCD screen, or remotely on 
your Smartphone. Records to a SD Card XC-4992 $47.95 each (available separately). 


+ 150m range 

+ Motion triggered recording 
* Quad screen display 

+ Waterproof camera 
QC-3678 WAS $399 





Spare Camera Available QC-3679 $149 
In store only. 


Low Cost Home Automation 


Don't spend tens of thousands of dollars to create a smart home. With our new low cost range 
of Wireless Home Automation, you can create a fully automated system and only spend a few 
hundred dollars. 


Simple and easy to use, all sensors, controllers and swicth modules are operating wirelessly 
on 433MHz frequency at a max range of 100m (line of sight). 


Home Automation Main Controller 


Better, More Technical A powerful controller with built-in 16 wireless alarm zones and 16 wireless home automation 


5 Way Remote Controlled Power Board 
Reduce wasteful power consumption from appliances in standby 
mode. This board features 4 remote controlled sockets and 1 
always stay "on" socket. Connected appliances can be switched 
off individually or simultaneously. 
* 240VAC 

*10A, 2400W 

* Cord length: 900mm 

MS-6154 WAS $59.95 
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TempMaster MK3 > 


Electronic Thermostat Kit Oey 
Ref: Silicon Chip Magazine August 2014 
Convert a 240VAC freezer into a fridge, a fridge into a wine 
cooler or control heaters in home-brew setups, etc. or 
control 12V or 24V fridges or freezers. Supplied short-form 
with PCB, relay, temp sensor and components. Requires 
case, sockets and cable to suit your configuration. 


+ 12VDC / 150mA 
+ Immune to relay chatter problems 
+ Temp range: 
— -23 to 47°C 
+ PCB size: 
80 x 104mm 
KC-5529 





To order call 1800 022 888 





control. Easily interfaces with a wide range of wireless security devices such as a PIR motion 
detectors (LA-5157), magnetic reed switches (LA-5158), light sensors (LA-5598) and remote 


key fobs (LA-5155) to protect your home and property. 


+ Timer schedule programming 

+ Group programming Eee . 
+ Matrix (Scenes) programming 

+ 100 Alarm event memory 

* 12VDC 

+ 240VAC power adaptor included 
LA-5592 


Accessories to suit: 





Key FOB Remote LA-5155 $19.95 
PIR to suit LA-5157 $49.95 : 
Wireless reed switch to suit LA-5158 $39.95 See Page 2 for more devices to suit. 


Plug-in Surge Protector Mains 750W I500VA 


Double Adaptor | Line-Interactive UPS 

Protect your mains powered appliances from Protect your valuable computer system from power 
voltage spikes and surges. This surge protector | failures, preventing data loss or corruption. An 

also provides two USB ports for charging all | uninterruptible power supply (UPS) will seamlessly 
the major mobile phones and tablets on the | maintain power to your system with a battery and 
market. | inverter in the event of a power failure. Back-up 


«Max surge currerit: 1800 A _ time 3 minutes at full load. 


* Max USB output current: 3.5A pyeecarty | * Rating: 750W, 1500VA 


(shared on both ports) AUGUST | * Output voltage 230VAC 
+ Size: 91(W) x 72(H) + Size: 382(L) x 124(W) x 
x 55(D)mm 225(H)mm 


MP-5203 WAS $269 


MS-4087 
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240VAC Mains Switch Controller Module 
Designed to be hard wired to your GPO, wall switches or other mains device, 
it enable you to remotely activate any mains appliances. 


+ Voltage input: 240VAC 

+ Wireless Range: 100m line of sight 
* Wireless Frequency: 433MHz 
LA-5594 


Also available: 12¥VDC Switch 
Controller Module LA-5595 $59.95 


*Note: A licensed electrician is highly recommended 
to hard wire this device into 240V mains ed 


Wireless infrared: ‘Controller 

Mount on the roof to directly control your household 
appliances. Will learn your appliances infrared 
remote command and repeat them when matched 
with a home automation input device. 


+ Up to 150m? size of operation 

+ Voltage input: 12VDC 

+ Wireless Range: 
100m line of sight 

+ Wireless Frequency: 


433MHz 
$7995 


LA-5597 

/IRIBRIGHT 
The br@ght side of light 
240VAC LED Downlight Kits 


Fantastic DIY replacement of existing 50W halogen 
downlights, or a totally new installation. 
2 pin power lead. Electrical safety 
approved. 

+ 8W, Dimmable 
Warm White 
550 Lumens 
SL-2300 

WAS $39.95 
Natural White 
700 Lumens 
SL-2302 

WAS $39.95 


200W Mains 


Dimmer Switch 
Suitable for Dimmable LED Bulbs 


or Incandescent 
$2495 


Lights. 
PS-4084 
12¥V LED Lamps 
A direct replacement for 35W 
halogen bulbs and provides 


sei cancer 











PPT iii ing. 


$1995, 


DOWNLIGHTS 
270 Lumens 
270 Lumens 
240 Lumens 
SPOTLIGHTS 
250 Lumens 
250 Lumens 
220 Lumens 





Natural White 
Cool White 
Warm White 


ZD-0600 $19.95 
ZD-0603 $19.95 
ZD-0602 $19.95 


Natural White 
Cool White 
Warm White 


ZD-0604 $19.95 
ZD-0605 $19.95 
ZD-0606 $19.95 


2. To order call 1800 022 888 


$3995 


Wireless Light Sener Module 


HOME AUTOMATION 


240VAC Mains Light Dimmer Module 
Remotely controls the intensity of your 240V lamps, It has 8 steps of light 
dimming, perfect for mood light setting when 
entertaining guests. Unit is only suitable for 
incandescent type bulbs. 
$3995 
+ Wireless Frequency: 433MHz 
LA-5596 


+ Voltage input: 240VAC 
* Wireless Range: 100m line of sight 

*Note: A licensed electrician is highly recommended to 

hard wire this device into 240V mains wiring. 


Wireless Bell Box 

Works as an audible and visual deterrent, the siren 
produces a wailing 94dB of output 
and a powerful strobe when alarm is 
activated. Supplied with 240VAC. 
mains power adaptor. 


+ Voltage input: 12VDC 
% + Wireless Range: 
100m line of sight 
+ Wireless Frequency: 433MHz 


* Size: 340(L) x 
$409 


Interfaces with the home Automation System to 
turn an output device on or off. 


+ Adjustable light setting : 

+ Voltage Input: 12VDC °* 

* Wireless Range: Fis > 
100m line of sight 

* Wireless Frequency: 


433MHz 
$3995 





LA-5598 

200(W) x 
75(D)mm 
LA-5579 


mm té 


ae 


Temperature Measurement 


Digital Fridge/Freezer 


LCD Mini Thermometer 
See at a glance that your favourite food or 


Wireless In & Out Thermometer 


and Hygrometer | 
Capable of measuring indoor and outdoor 





beverage is at the correct temperature in the 
fridge or freezer. Hang it from a wire shelf, stand 
on a shelf or attach to a metal surface with the 


temperature, as well as relative humidity. LCD 
acts as a receiver unit for a separate outdoor 
sensor unit, and will receive information from up 


$3495, 


SAVE $5 


up to 80% energy savings ZD-0604 
over halogen. on 
= LEN 
* 4.5W, MR16 A. 4 Ss < 


ZD-0600 


built-in magnet. 

* Selectable C° / F° 

+ Temperature range: -19C° to 49°C 
+ Batteries: 1 x CR2025 included 

+ Size: 68(L) x 44(H) x 12(D)mm 
QM-6323 


to 3 sensor units. 

+ Transmission range: Up to 100m open air 
+ Receiver size: 95(H) x 114(W) x 25(D)mm 
+ Sensor size: 51(H) x GS(W) x 25(D)mm 
XC-0322 


$995 $2995 





Spas Sonor XC-0324 $14.95 
8 Channel Wireless Thermometer with Jumbo LCD 


Monitors temperature and humidity. The jumbo-sized receiver/LCD is for easy 
treading, up close and from afar. Displays real-time data, comfort and trend 
indicators and stores min/max records. : 


+ Measures indoor/outdoor 

+ Receive up to 8 channels 

- Temperature and humidity trend indicator 
+ Transmission range: approx 90m 

+ Size: 94(L) x 94(W)mm 

XC-0328 





$3995 


Additional Transmitter. to suit: 
_ XC-0329 $1 7.95 


Jumbo Disiiay Thera ceeyesor cee = 

Displays the temperature and humidity together on the one huge LCD 
display. It also has a min / max funn ees 
Switch between ce and = 





. Tomes: 10° - 60°C. (14 140° 
+ Size: 110(H) x 100(W) > x ee 
—QM-731200 

























































4 Channel DVR 
Ideal for small surveillance installations with 4 cameras or less and enables 
“= simultaneous viewing, playback, recording and backup operations. Supplied with 
_ a500GB SATA HDD, software and manual on CD, power supply, and quick start 
= guide. 
+ Remote access via Smartphone or web browser $ 36 9 
+ Built-in web server for network access 
+ Power supply: 12VDC 3.3A (included) 
* H.264 video compression 
+ Size: 375(W) x 285(D) x 45(H)mm oars anne 
QV-8120 


Also available: 16 Channel DVR 
~~ QV-8122 $899 


Pan/Tilt DIY Wi-Fi IP Camera - 720p 


Produces bright and sharp vision for you to survey the 
home or office remotely. Capture images or video to 
4 microSD card (available separately) when motion or 
sound is detected as well as send an email. 

~~ Power supply included. 





8 ¢ SSBB 
egta“"48888 


* Two way audio 

+10 x IR LEDs, night 
visibility up to 15m 

+ Angle: 320° Pan, 120° Tilt 


$189 


Network |6 Channel DVR with ITB HDD 















SECURITY AUTOMATION 


Records in WD1 (960 x 576) resolution from all 16 camera inputs, multiple video 
output formats including HDMI for local viewing, and an Ethernet connection 
which can be configured for remote viewing via a web browser or 
iPhone®/Smartphone application. It is also capable of accepting alarm trigger 
signals from separate sensors (required). 


+ H.264 video compression 

* HDMI connection 

* Motion trigger recording 

+ Power supply: 12VDC 5A 
(included) 

* Size: 380(W) x 340(D) x 50(H)mm 


& $699 


Professional 32 Channel Hybrid DVR 


Capable of simultaneously recording video from a whopping 32 cameras(16 
analogue + 16 IP inputs). Dual Core CPU allows recordings of 32 channels at D1 
resolution (704 x 576) at 400 frames per second and multiplex the channels to a 
single video output. Live video and playback 
can be displayed through the HDMI, 
composite, or VGA outputs and 
accessed through a network 
connection using a web 
browser or a Smartphone app. 


+ 1TB HDD included 
+ Power supply: 100-240VAC = 


+ Size: 460(D) x 440(W) x 89(H)mm $ 4 299 ee 










+ Size: 100(L) x 100(W) x 125(H)mm Qv-8124 
Qc-3839 
High Resolution Cameras with IR | 3-Axis Dome Camera | Weatherproof IR Day/Night Camera 


Illumination | 650 TV Lines 


The camera comes housed inside a weatherproof case, 


3-axis mechanism provides easy installation 
and enables you to put the camera's field of 
view exactly where you need it. Quality Sony 


with the latest dot-matrix IR LED, a fixed 3.6mm lens and 
a 600TVL resolution. Using only a single chip, the dot- 
matrix IR LED provides 120° of horizontal coverage and 
produces an infrared light output turning night into day. 


sensors and optics. 


Feature a high quality colour CMOS sensor and IR 

LEDs for night time illumination. Supplied with power 

supply and 18m combined video/power lead. 

* 600 TV Lines 

+ Up to. 10m range $ aoe 

+ Power source: 99 ea oui QC-8617 
12VDC 

Outdoor Bullet Camera (IP66) 

QC-8632 $99 

Dome Camera 

QC-8633 $99 


QC-8633 


$119 





2.5". LCD Video Doorphone with RFID Access 
~ Suitable for home use, or areas requiring access 
identification/ authorisation. Consists of an outdoor 
Z camera with door bell/entry button as well as RFID 

access and a separate indoor 2.5" LCD for easily 
-- identifying visitors. Door locks are available 
separately to remotely lock/unlock the door. 


__. * 2.5" colour LCD 
$199 


- Master RFID tag, delete 
SAVE $50 


: 


& slave tag included 
—-- QC-3622 WAS $249 


«we Spare RFID Tag 
QC-3623 $9.95 


Non-Contact Infrared 


Door Exit Switch 
.., This infrared sensor can replace the old push 
el button switch on automatic exit doors so that 
they will open with just a wave of 
your hand. 


Digital Access 
Keypad 


Self contained access key pad. Operates 
on 12V and only requires an electric door 
strike to provide a high 
level of secure access. 


* 12VDC supply voltage 
+ 3A @ 30VDC contact rating 
* 30mm sensor diameter 


LA-5187 
WAS $4995 
SAVE $10 


* EEPROM memory 
+ LED indicators 


LA-5355 WAS $39.95 


$2995 


SAVE $10 


$59.95 





momo) ac(-) meor-|| Mu -,0l0 ty yet oto) 


+ Sensor: 1/3" CCD — 












* 600 TV Lines 
* Dot-Matrix IR LEDs 
QC-8627 


$99 























17" Colour LCD Monitor 
High resolution slimline monitor 
suitable for surveillance applications. 
Its 4:3 aspect ratio means the 
camera vision won't appear distorted 
or stretched, unlike 16:9 monitors. 


+ VGA Input 
+ Size: 378(W) x 315(H) x 62(D)mm 


QM-3577 $ 4 99 


www.jaycar.com.au 
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Pocket Size Gas Blowtorch 
Fully self-contained butane 1300°C 
portable blow torch. Simple press button 
Piezo ignition, flame control and safety 
lock. Refillable with butane gas 
(NA1020). Ideal for hobby use, low 
cst temp silver soldering, 
heat shrinking etc. 

memes Size: 95(H) x 

55(L) x 26(W)mm 
TH-1610 


WOE 


$4695 


For suitable Butane Gas use NA-1020 $5.95 
For Silver Solder use NS-3045 $19.95 


Inspection Camera with 


Detachable Screen 
Capture video and pictures in confined and dark 
locations. The head and flexible boom are IP67 rated 
so both can be submerged in 
water during operation. 


* 2GB microSD card included 

* 1m flexible boom 

* 2.4GHz Wireless 
transmission 
frequency 

* Hook, mirror and 
magnet included 
QC-8712 


$249 





ii. 
} 2 


Extension Shaft 2m QC-8702 $79 


Professional Digital Light Meter 
Extremely accurate with a rapid response and 
can store min and max values for easy 
comparisons. Measurement can be 
switched between LUX and FC (foot 
candles) and a data hold function is 
included for pausing the reading. 








+ Max 400K 

LUX $ 3 
QM-1584 99 2 
WAS $129 | SAVE $30 2 











40: 


60W ESD Safe Solder/ Rework Station 


Stainless Steel Wire 
Stripper and Cutter 


Strip wire sizes from 0.6mm to 2.6mm 
Spring-loaded with locking jaws. Soft 
rubber handles for added comfort. 


+ Strips stranded wire from 
12-24 AWG and solid wire 
from 10-22 AWG 

+ Will also cut steel wires 
up to 3.0mm 

* 164mm long 

TH-1841 


Cat Ill True RMS DMM with 


Temperature 
A powerful true RMS multimeter that includes 
non-contact voltage testing, backlit 
LCD, and a carrying pouch. 


* 4000 count, 600V 

* Temperature Range 
20°C-760°C 

+ Voltage, current, resistance, 
capacitance, frequency 
and more 

+ Powered by 1 x 9V battery 


(included) 
$5995 


QM-1551 


Compact Digital 

Sound Level Meter 
Measures sound levels between 30 to 
130dB and can be set for fast or slow 
responses. Data hold. Min/ max 
function. Backlit LCD. Supplied with 
carry case, wind sock and battery. 


$99 


* 3.5 digit display 
* 30 to 130dB 

* 210mm long 
QM-1589 


list of attachments. 


*12V 

* 12,000 RPM 

+ Case size: 240(L) x 
200(W) x 70(D)mm 

TD-2451 












110 Piece Rotary Tool Set 
Drill, saw, sand, polish, carve or grind with this 
comprehensive rotary tool set. See website for full 


TOOLs 


Compression Crimping 
Tool - Universal 
Aprecision crimp tool that employs a 
ratchet action ensuring correct crimping 
pressure is applied for reliable, trouble- 
free compression BNC, RCA, IEC, 
Min-F and F-type coaxial connectors. 
Adjustable compression depth. 


+ Works with RG59 and RG6 coaxial 
cables. 

* 146mm long 

TH-1800 


IP67 True RMS DMM with 
Smartphone App 


View live measurements, trend graphs, data 
log, email your results and upload them to 
the Cloud - all from your Smartphone! 


* CAT IV, 600V 
+ AC/DC voltages up to 1000V 
+ AC/DC current up to 10A 
+ Resistance, capacitance, 
requency and more 
+ IP67 waterproof 
+ Bluetooth® Smartphone/ 
PC interface 
* Data log 
storage $2 A 9 
QM-1576 


Economy Non-Contact 
Thermometer 


Safely measure temperature in hot, 
hazardous, or hard to reach places 
with the built-in laser pointer 
directed at the surface. 





* 8:1 Distance to spot ratio 
- Auto data hold 
* Carry case 

included $ 95 
QM-7215 49 






















PETTITT INE 


essen 


Waterproof ABS Cases - Black 
em Use for storing or transporting Smartphones, 
radios, delicate electronic devices and more. 
Fully protected from water, dust and sludge. 















* Protective foam 


SMALL: 182(L) x 120(W) x 42(H)mm 
HB-6421 $16.95 

MEDIUM: 182(L) x 120(W) x :75(H)mm 
HB-6423 $19.95 
LARGE: 655(L) x 
482(H) x 495(H)mm 
HB-6425 $29.95 


FROM 


$4695 


jG RoW) a: (=) mer-| | Mest tye eest:t:) 





ABS Instrument Cases with Purge Valves 
Come with purge valves for an airtight seal, ribbed ABS construction, stainless 
steel hinge pins, O-ring seals and very 
solid catches. For camera gear, test, 
medical or scientific equipment. 












FROM 


$4995 


$19.95 
$34.95 
$54.95 
$84.95 
$119.00 
$175.00 













+ 3 year warranty 



















HB-6389 173(W) x 125(D) x 50(H)mm 
HB-6388 210(W) x 135(D) x 90(H)mm 
HB-6381 330(W) x 280(D) x 120(H)mm 
HB-6383* 430(W) x 380(D) x 154(H)mm 
HB-6385 515(W) x 415(D) x 200(H)mm 
HB-6387* 530(W) x 355(D) x 225(H)mm 
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Foxtel 1Q2 Compatible IR Remote $ 95 
Control Extender 39 
Allows you to control your video source devices like 

Foxtel, a set top box, Blu-Ray/DVD player, or even a SAVE $10 
HDMI switcher from another room. 





+ Foxtel |Q2 compatible 

* Up to 50m range 

* Power supply: 
9VDC/150mA 
AR-1827 WAS $49.95 


ite 


Kingray 4 Output Masthead 


Amplifier 

Accepts a single "mixed" antenna input, and 
provides four amplified outputs for you to run to each 
wall point in your home. All connections are 

F-type to ensure best signal quality. Housed in a 
metal case. Includes power supply. 


+ Wide input range to suit all analogue 

and digital TV signals 
* Suitable for combined VHF/UHF antenna input 
* Size: 105(W) x 90(H) 

x 35(D)mm 
LT-3253 


$7995 


Kingray VHF/UHF Masthead Amp | 
A large chunk of the Australian TV broadcast | 
spectrum is being reallocated for the next generation | 
4G/LTE mobile phone service, and this may cause | 
issue with existing TV reception equipment. This | 
new 35db masthead amplifier adds a switchable 

filter to protect againts this. Supplied with mains 

adaptor. : | 
LT-3251 


$9995 


? f08 8 =e 





composite/S-Video output. 

+ Size: 190(L) x 
115(W) x 51(H)mm 

| AC-1654 WAS 

| $44.95 


} REMOTE AUDI 





Dual Channel UHF Autoscan Wireless Microphone 
Suitable for professional and stage use, featuring 16 user-selectable channels | 


on each microphone input to provide interference-free transmission, phase 
locked loop (PLL) circuitry for frequency stability. See website for full 


specifications. 
$319 


* 12-18VDC 

+ Includes 2 
microphones 

AM-4120 


Wireless Lapel 

Microphone available: 
ChA AM-4067 $129 
ChB AM-4069 $129 


PP eeees, '5 


Single Output Plug-in 
Indoor TV Booster 


Simple and neat solution to 
boosts your TV antenna 


2 FF 


UHF, FM and DTV reception. 


‘ny 





signals. Plug into a mains Mains plugpack 

outlet for up to 20dB of signal included. & 
amplification. + VHE: 

* F connector in, F connector out 54 - 239 MHz 


+ UHF: 470 - 821 MHz 


* Frequency range: 46-860MHz 
+ Base Size: 190(L) 


* Gain control: 


15dB VHF, x 120(W)mm 
10dB UHE | Sap a LT-3133 \ 
LT-3285 


To order call 1800 022 888 

















5.8GHz Wireless 


Remote Control AV Selector Switch 
Connect up to 4 AV sources to one television and 
switch between them remotely. There are 4 x RCA 
composite/S-Video inputs and 1 x RCA 


$3995 


SAVE $5 


' Spare Headphones to suit 


, Active Indoor Digital TV Antenna 
_ Astep up from conventional rabbit ears with 28dB 
| variable gain. Suitable for VHF, 









ENTERTAINMENT 


AV Sender 
Transmits audio/video 
signals up to 50m clear 
line of sight. Interference 
free. Compatible with 
most PayTV systems and 
AV equipment. Built-in 
infrared extender. 
AR-1878 


Spare Receiver AR-1879 $69 


HDMI CONVERTERS 


Stereo Amplifier with Remote Control 
Rated at a generous 100 watts RMS per channel and has 
a flat frequency response from 20Hz to 20kHz. Includes 
remote control to adjust input source, volume etc. 


*2x 100WRMS 

+ Inputs for Tape, Tuner, AV1, 
AV2, CD, Phono 

AA-0470 


$179 






Feene 
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Infrared Wireless Stereo Headphones 
Dual-channel wireless headphones with a digital TOSLINK audio input 
to connect your digital devices for a variety of audio experiences. 







* Quick and easy set-up 

+ Excellent sound clarity 

* Operation distance: up to 15m (Infrared) 

* Active noise reduction system 

+ Volume control and channel selection 
on headphones 

* Multiple headphones can be used 
simultaneously with one transmitter 

+ Folds up for easy storage and transport 

+ Weight: 30g 

AA-2038 


$5995 


AA-2039 $29.95 


UHF Phased Array TV 
Antenna 


Suits analogue or ‘a % 
$4495 digital TV and ideal for | a 
fringe areas, where for digital TV 


ghosting is a problem. 


+ Receives Bands 4 and 5 
* UHF channels - 21 to 69 


(27 to 62 in NZ) 
$6925 





* Size: 840(L) x 
540(W)mm 
LT-3138 
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Slim Ballast HID Light Kits 
HID provides far greater light output than standard automotive 
lights. This series of kits all feature a slim ballast design for 
ease of installation in engine bays and tight spaces. 


* 12V 6000K 
* 300% more light than halogen 


HI Slim Ballast HID Kit 
H3 Slim Ballast HID Kit SL-3492 $49.95 
H4 Slim Ballast HID Kit SL-3494 $49.95 
H4 Slim Ballast HID High + Low Kit SL-3495 $79.95 
H7 Slim Ballast HID Kit SL-3496 $49.95 


Note: Please ensure your lights are angled correctly. 
These lights are not ADR approved. 


SL-3490 $49.95 


FROM 


$4995 


ATI TTP ib 


on ees Maps. 





‘Vehicle shown using online tracking system 


Wireless Tyre Pressure Monitoring Kit 


$149 


SAVE $50 


Track PSI data from the 4 sensors fitted 
to your tyres on the 12VDC monitor in 
your car. High and low pressure alarm. 


* Suitable for vehicles 
designed for 30-42PSI 
QP-2298 WAS $199 


ray 


a 4 Door Remote Controlled Central Locking Kit 





Remotely lock and unlock your car doors. Install the 

security button to cut off the fuel pump to prevent 
~~~ the car being stolen. Supplied with 1 master 
actuator, 3 slave actuators, control relay, 
two remotes with batteries, kill switch, 
“<= hardware and wiring loom. 


* Working voltage: 9 - 16VDC 
+ Frequency: 433.92MHz 
LR-8842 


$7995 


Learning Key Fob 
Remote 

Brand name replacement remotes 
for most alarm are expensive. Save 
_ yourself a bundle and buy one of 
these learning remotes instead. 


+ Frequency: 250 to 450MHz 


LA-8992 
$45 


installation. 


+ Up to 200m 
range 
LR-8847 
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Single Channel Key 


Fob Remote 
Multi-purpose remote control key 
fob for garage doors, lights 
automatic gates etc. It operates 
in the 27MHz band on an FM 
signal. Easy set-up and 


* Battery status LED 





NN 


LIMITED STOCK. 


(Sim card not included) to the free online a 





Alternator & Battery Monitor 
Simply plugs into your car’s cigarette lighter 
socket to indicate alternator and 

battery status. Compatible with 


12VDC systems. 
PP-2142 


$995 


-* Boot release button 


LA-9003 





AUTOMOTIVE 





Vehicle Camera with 
Infrared LEDs 


This tough unit can be firmly mounted inside 
as a surveillance camera or outside as a 
reversing camera. The camera is fitted to 
a solid bracket that can be rotated ina 
vertical motion for the optimal view. 
Infrared LEDs for night vision view. 


+ IP67 

*12VDC 

+ Size: 73(L) x 
45(W) x 53(H)mm 
QC-3519 






$129 


7" TFT LCD Widescreen Colour Monitor 

Ideal for in-car entertainment, use it to watch DVDs, gaming 

consoles or with reversing cameras etc. Extremely lightweight and 

suitable for all sorts of mobile and fixed monitoring applications. 

+ 12/24V 

+ Includes remote control 

* High resolution wide 
screen format 
QM-3752 


$99 





OBD2 Plug / Memory Saver 


Use this memory saver lead to store, and 
restore all of your vehicles fault codes, 
radio settings, alarm settings, keyless 
entry codes, and more. 











* 1m length 
PP-2140 





+ Valet mode 

+ Anti-hijacking, emergency call & ior 
locating. msi 

+ Emergency override 


‘Spare Remote LA-9004 $37.95 


$4995 









One Channel Hand 


Controller & Transmitter 
Keep a spare or replace a broken 
garage door remote with this latest 
version of the most common transmitter 
in use in Australia/New Zealand today. 
The controller is custom coded via a 
DIP-switch which is accessible from the 


battery cover. 
* Operates on 
27.145MHz $4995 


LR-8827 


www.jaycar.com.au 



















POWER. CONTROL: 








Wireless 3 Outlet Mains Controller 24Hr Mechanical Mains Digital Mains Timer 


Plug in any mains appliance rated up to 10A and use the remote to Timer Switch Modules $4995 
turn each one on or off individually, or control all of them together. Control any 240V mains appliance rated Ideal for automating your ea 
One of the outlets also has an LED night light that's also operated up to 10A even when away from home heating & lighting or 


with the remote. 


Simply rotate the dial to practically any other switching 





a * 4383MHz : the time you want, then : i application that requires 
alt Remote battery included :. : switch it on. 3} multiple unattended 
aoe MS-6142 — + Size: 120(H) x 76(W) x | switching cycles. 
WAS : 50(D)mm “| + Eight on/off settings 
. $44.95 | SRAIS Lan is MS-6112 = 
; | = AA- I K 
ae SAVE $10 ' 0361 $49.95 





J ~ i 
$995 9 240VAC 30A 
Spare Mains Outlet MS-6143 $17.95 0362 $49.95 


Wireless Mains Remote & Outlet MS-6145 $24.95 Tee Sam Maree enter ee ke AN ae ee TT 
Large LCD Power Meter 


Mains Wireless Power Monitor a 












Monitor the energy consumption of an appliance. Wirelessly transmit data on power usage from 
Mains Power Meter - Displays wattage, voltage your fuse box to the indoor display unit up to 50m 
and cost usage away. Track and view consumption on the large 


LCD display. 
+ Batteries included 


+ Supplied with 1m extension cable 


“es The meter tracks the actual power being 
x used. Shows instantaneous voltage or a 
a * Size: 159(L) x 73(W) x 38(H)mm 


current being drawn sis 
9 '8e@ P| 






es = as peak 3 FOR MS-6119 + Display unit 

eve: $ size: 101(H) 

* 10A max rating 45 ®e.a@ x 80(W) x $41 95 
MS-6115 $19.95 SAVE $14.85 $2995 Aas 


CA 





= 12V/24V 30A MPPT Solar Charge Controller 
* MPPT technology uses DC to DC conversion along with some electronic smarts to be able to 

_ extract the absolute maximum charging power from your solar panels, giving you up to an extra 
10-40% from your solar panels when compared to a normal PWM charge controller, especially in 
low-light conditions. 


* Microprocessor controlled MPPT 
+ 3-stage charging 
* 30A automatic load control with low-voltage disconnect/reconnect 











2 FOR + Includes temperature sensor for battery charging compensation 
+ Protection against over voltage, reverse connection, short circuit, 
$8990 over current, and over temperature 
+ Size: 205(L) x 145(W) x 55(H)mm 
SAVE $50 Mparse $249 
7 Hyun a 
” — NOTE: Suitable for 12V or 24V solar arrays only. - 
20A Solar Charge Controller A 12V solar array cannot be used to charge a 24V battery. 
- with LCD Display See as er = eee ee re 
—— This microprocessor controlled unit is capable of handling allof 12W 8A Water Resistant PWM Solar Charge Controller 
your solar charging requirements and protect your battery. It Suitable for both wet-cell and sealed lead-acid batteries and uses pulse width onsen ian re 
Z has an array of features including adjustable charging voltage, modulation for optimal 3-stage charging. Compatible with all types of solar Dove . 
wun @uUtomatic dusk-till-dawn on/off, overload protection, etc. arrays and is potted in epoxy resin making it water resistance. 
_. See our website for full details. Full specs available on our website. ect : 
ee, 2 BV ; + Battery voltage: 12VDC $4995 powes 5 
*LCD * Size: 97(L) x 46(W) x 26(H)mm at il 
=~ display $ MP-3720 re Kenia 
12V 150Ah AGM Deep Cycle Battery 
a : Designed to perform in harsh tropical conditions! With a superior high rate discharge bite 
ne iain ia ai performance and higher cycle service life, this battery is perfect for a wide array of applications 


Semi-flexible Solar Panels _ including remote solar systems, 4WD, caravan and RV, motorhome, and marine. 


sew These 12V flexible solar panels offer performance at an See our website for a full specification datasheet. 
affordable price. No heavy rigid frame makes them light and 
a portable. Both units have a fully sealed terminal box 
with approx 1.2m of power cable with PVC outer 
sheath. 


20W 









+ Small footprint to 
suit installations 
in tight areas 

* Voltage: 12VDC 

+ Weight: 52kg 































+ Short circuit current: 1.24A + Size: 123(W) x 
+ Weight 0.78kg $9995 556(D) x 
ZM-9112 : 296(H)mm 
100w ] SB-1822 







* Short circuit current: 5.69A 


M9116 $399 


NOTE: Not stocked in all 
stores but can be ordered. $699 
Call your nearest store for 


details 






To order call 1800 022 888 www.jaycar.com.au 
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Universal Wi-Fi Extender 


home and within seconds it will help detect a 
networks and establish connection 
using the iQ setup. 


* 3 in 1 function: Range extender, 
Protected Setup) 
YN-8360 


access point 
& Wi-Fi bridge i 
* WPS (Wi-Fi 

Also available: 

Dual Band 2.4GHz/5.0GHz Model 
YN-8364 $89.95 

USB 3.0 to HDMI Adaptor 


streaming. Supports desktop mirror, extend 
multi-screen mode and rotation mode. 


+ Add up to four USB 3.0 
adaptors 
simultaneously 

XC-4973 


ATI TT Tibi 


| 





S-Video to VGA Video 


Converter 
Ideal for connecting an old game console, 
VHS player, etc to your computer monitor or 
plasma TV. Has VGA loop through so you 
can have a computer and composite/S-video 
source connected to 
the same display. 
XC-4906 














Eliminate Wi-Fi dead zones and extend the range of existing 
networks. Just plug the unit into an existing power point in your 
Vailable Wi-Fi 


—- | AUSTRALIAN CAPITAL TERRITORY 
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Gore Hill Ph (02) 9439 4799 
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Arrival dates of new products in this flyer were confirmed at the 
time of print but delays sometimes occur. Please ring your local 
store to check stock details. Savings off Original RRP. 
Prices valid from 24th July 2014 to 23rd August 2014. 








es 





Add an additional monitor or projector to your computer. 
Uses USB 3.0 to ensure smooth and responsive 1080p 


mode, 







screen arrays. 
+ Powered via USB 


XC-4879 
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USB to DVI Adaptor 
Connect your monitor to the computer via the USB 


2.0 port without buying additional graphics cards. 
Use up to 6 simultaneously to run 


High Power Wireless 
Outdoor Router 





With a wireless power of 6(00mW 
this unit has excellent point to 
point range with the installed 
internal directional antenna. If 
omni-directional transmission is 
required then you can connect 
an external antenna (sold 
separately) via the SMA 
connector at the base. 


YN-8330 


+ USB 1.1 compliant 
+ Speed: Over 250kbps 
XC-4927 
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Port Macquarie Ph (02) 6581 4476 
Rydalmere Ph (02) 8832 3120 
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RS-232 DB9 to USB Converter 
Connect a variety of RS-232 devices to your modern 
computer with this simple adaptor. 





Mackay 
Maroochydore 
Mermaid Beach 
Nth Rockhampton 





3G & 4G TV Antennas 


Using 3G/4G wireless Internet in 


certain areas may require the help of 
an antenna to boost the signal for a 
reliable flow of data. Both antennas 
features a very strong magnetic base 
so you can fix it to the roof of your car 
or any other steel surface. The cable is 
terminated with an FME connector. 


5dBi - 2m Cable 
7dBi - 3m Cable 


| USB to DB9M RS-232 


Converter 
Allows a computer with a USB port to use any ~~ 
RS-232C serial device via the USB port. 

Suitable for digital cameras, modems, POS 


AR-3310 $49.95 
AR-3312 $69.95 





systems, ISDN terminal adaptors etc. Over 


| 1Mbps data transfer rate. 
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* 1.5m long 


XC-4834 
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SERVICEMAN'S LOG | 





Some things we just can’t fix 


Biggles, one of our much-loved family cats, 
disappeared recently and I’ve been using some 
of my serviceman skills in an effort to track 
him down. Unfortunately, tracking down a 
missing cat is nowhere near as easy as finding 
faults in electronic gear or computers. There 
are some things which are beyond our powers 


but we still give it a go. 


As servicemen, we are typically 
expected by family, friends and col- 
leagues to be capable of fixing just 
about anything. Whether it’s the switch 
onaneighbour’s leaf blower, the power 
supply in a customer’s DVD player 
or the range-finder on a radar-guided 
artillery canon, we’re expected to take 
it all in our stride. 

Of course, it’s true that many tech- 
nically-capable people are more at 
home pottering around in a workshop 
than mingling at a cocktail party. How- 
ever, we take pride in the fact that not 
much gets past us. In most cases, we 
can fix whatever it is we are tasked 
with fixing. 

This can-do attitude spills over into 
other aspects of our everyday life, in 





. 


BIGGLES HAD TAKEN 
TO HANGING AROUND 
HOME ALOT MORE 
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that we are more likely to have a go 
at something even if we’re not com- 
pletely up to par on the technology. 
Where others would (some say wisely) 
give up at the first sign of something 
being too hard or too complicated, we 
are more likely to roll up our sleeves 
and persevere. 

As a result, we are generally more 
used to success than failure. If some- 
thing goes wrong, we instinctively get 
on with sorting it out because solving 
problems is what we do. The feeling 
of a job well done is our ultimate goal 
and for some that is just as rewarding 
as any financial gain. 

Of course, it’s obviously unrealistic 
to expect that we should be able to 
fix everything, especially problems 
far outside our fields of expertise. 
However, that doesn’t stop us feeling 
impotent and frustrated when we can’t 
apply what skills we do have to help 
sort things out in such situations. 


Personal experience 

I found myself plunged into one 
such scenario a few weeks ago when 
our much-loved family cat Biggles 
wandered down the driveway and, 
for all intents and purposes, vanished 
from the face of the earth. I’ve talked 
about Biggles before in respect of his 
wanderings and the fun and games we 
had trying to find a solution to keep 
tabs on the wayward little guy. 

As mentioned, we eventually pur- 
chased a GPS tracking device but it 
turned out to be just too big for Big- 
gles to lug around. It looked small in 
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the photos and advertising blurb but 
in reality, it just wasn’t small enough. 
Set up properly, it would be ideal for 
the likes of a Labrador-sized dog but 
sadly, it isn’t suitable for a cat-sized 
cat. It’s for sale by the way, should 
anyone want to try it out. 

There were plenty of other ideas 
but since Biggles had taken to hanging 
around home a lot more (probably due 
to an unknown accident that resulted 
in him losing an eye), we didn’t feel 
the need to further pursue tracking 
solutions. Of course, we are kicking 
ourselves now. Like all technology, 
the past year has seen great leaps in 
tracking devices for cats and we really 
should have had Biggles fitted out with 
one of these. 

In fact, there is one device that 
looked so good that we bought two of 
them sight unseen for our other cats. 
They both now boast a very nifty lo- 
cator collar that should help us track 
them down should they decide to 
wander off. 

This particular device is very cool. 
Called the “Loc8tor Pet” (www.loc- 
8tor.com), it’s an RFID-based system 
and uses a tiny transceiver that’s 
mounted in a waterproof pouch fas- 
tened to the pet’s collar. The second 
part is a hand-held, credit card-sized 
receiver that’s capable of tracking up 
to four collars. 

To locate the absent moggie, one 
simply turns it on, selects the collar 
required and turns in a circle. A bank 
of coloured LEDs and a beeping tone 
indicate the direction of the collar 
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TECHNICALLY CAPABLE PEOPLE PRACTISING 
“MINGLING” AT A COCKTAIL PARTY 


within a range of about 200 metres. 

Obviously, terrain and structures 
can reduce the effective range. How- 
ever, we’ve tested this unit by walking 
down the street and it easily picks 
up our cats when they’re inside our 
house and that’s good enough for us. 
If only Biggles had been wearing this 
device; I’m sure we’d have had him 
back by now. 


GPS microchips 

With advancing technology, it’s 
probable that the microchips eventu- 
ally implanted into animals will be 
fully GPS-capable and allow pets to 
be accurately tracked. While such 
things do already exist, most require 
further development but give it a few 
years and they will be up to par. Pet 
















~ 
Ketes ier 


O-' 
actual size, the Loc8tor Pet is an 
RFID-based system and is ideal 
for locating wayward cats. The 
company also has a GPS-based 
unit intended mainly for dogs. 
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microchips are certainly the way to go 
as far as identification and tracking go 
but every system can have its faults. 
For example, a while back there was a 
recall of chips that malfunctioned and 
lost their programmed information. 

We found another potential flaw 
with the existing microchip system 
when we began talking to vets and 
checking the various lost and found 
pet registers for Biggles. It turns out 
that many vets here in NZ don’t scan 
every animal that comes into their 
surgery as part of their routine. This 
means that it would be possible for a 
missing pet to fall through the cracks 
if, for example, someone took a stolen 
pet to the vet as their own. 

In the course of posting “missing 
cat” flyers at all our local vets, I spoke 
to several about this very issue and 
they all confirmed they don’t scan eve- 
ry animal, even if it’s a first-time visit 
to the practice. Instead, they ask the 
owner if the pet is chipped but don’t 
necessarily scan it. The answer, of 
course, would be to scan every animal 
coming through the door as routine 
but the vets I spoke to admitted that 
this was unlikely to be implemented. 

Yet another potential flaw in the 


_ microchip system became apparent 
_ when I began calling the local council 


every few days, to see if any of their 
contractors had recovered Biggles. If 
members of the public report a de- 
ceased animal on the road, a council 
employee goes out and removes it (not 
the most pleasant job, I’m sure). He 
also provides a rough description of 
the animal and that gets logged with 
the council so that when people like 
me call in, the receptionist simply 








searches the database and goes through 
the list by type of animal, location 
and date. 

For obvious reasons, I dislike calling 
them because there’s always a nervous 
momentas they peruse the list for pos- 
sible matches. So far though, nothing 
has turned up that matches Biggles. 

But here’s the flaw; the employees 
who pick up the animals don’t have a 
microchip reader and neither is there 
one back at their base. Having one on- 
hand at either location would make 
their job so much easier and would 
be a lot more accurate. 

Of course, it’s a grim job but some- 
times their descriptions of the unfor- | 
tunate animal are rather scant, with no 
mention of gender, size, collar, street 
or other features. A relatively inexpen- 
sive chip reader would go a long way 
towards remedying that. 

The bottom line is that with gaps 
like this in the system, we can’t rely 
on it to locate Biggles. That said, the 
council does make an effort and it 
would be good if they could go just 
that little bit further and introduce a 
chip reader. 


Lost cat detector? 


So were there any devices I could 
come up with that might help locate 
Biggles? I did eventually try a couple 
but in the early days our main concern 
was that he was trapped in someone’s 
garage or garden shed. 

As a result, the first thing we did 
was to door-knock every house in the 
immediate neighbourhood and ask 
the owners if they (or we) could look 
in their garages or other out-buildings 
for our missing cat. This is a relatively 
easy task when you know the neigh- 
bours but there are some people in the 
street we’ve never met or have had 
run-ins with over barking dogs and 
these were more difficult to approach. 

We went ahead anyway and while 
the vast majority of people we ap- 
proached were sympathetic, our 
searches turned up nothing. So short 
of designing and building a lost cat 
detector, there wasn’t a lot I could do. 

And that gave me an idea; perhaps a 
sensitive sound detector would work. 
As it happened, I’d built a high-gain 
‘spy’ amplifier some years ago using a 
circuit from an electronics magazine. 
It’s basically a 4-transistor amplifier 
that uses a condenser microphone 
and variable feedback to provide large 
amounts of gain. 
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This directional microphone with parabolic dish antenna was built up asa 
highly-sensitive sound detector. It can pick up faint sounds from hundreds of 


metres away. 


When used with a pair of suitable 
headphones it can pick up faint sounds 
from hundreds of metres away and 
I figured that if Biggles was trapped 
somewhere, a walk around the neigh- 
bourhood with this would soon have 
him pinpointed. 

Well, after a few hours of real-world 
experimenting with this device, I 
uncovered several serious problems. 
First, because of its high gain, every 
time a car went past or my wife called 
for Biggles, my eyes watered and my 
ear drums met in the middle. Also, 
with the microphone simply poking 
out the front of the case, it was woe- 
fully non-directional, with sounds 
behind us being picked up as clearly 
as those in front! 

If this type of gadget was going to be 
any use at all Ineeded a parabolic dish 
antenna to make it highly directional. 
I also needed some way of reigning in 
the gain so that I wasn’t deafened every 


time a loud noise occurred. 

A quick Google search soon uncov- 
ered a similar circuit with automatic 
gain control, so I whipped this new 
amplifier together using stripboard 
and parts from my spares box. It 
worked a treat and a little experimen- 
tation with the gain control resistor 
soon had it set to the ideal automatic 
volume control level. 

The next challenge was to find a 
parabola and after doing some reading, 
it seemed I could use anything from an 
umbrella to a frying pan lid, or even 
a large plastic ball cut in two. As a 
result, I visited several shops looking 
at everything from lamp shades to 
salad bowls. 

I eventually settled on a stainless 
steel bow] that was almost the perfect 
shape and only cost $5. I had no idea of 
the focal length required so I mounted 
the microphone on an extendable 
cordless phone antenna I found in my 
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junk box. This antenna measured just 
75mm when fully retracted, which was 
shorter than required but was longer 
than required when fully extended. 

Once I’d mounted the microphone 
centrally in the bowl, I listened into 
a sound source via a pair of ‘over-the- 
ear’ headphones and simply moved 
the mic in and out until I found the 
optimum position. It was all very 
unscientific and I could have used a 
signal generator and scope but time 
was of the essence and I needed to get 
out there and start listening. 

After a few days of use, we’d heard 
many cats but none of them was Big- 
gles. It could be argued that it was alla 
waste of time but it’s a classic example 
of me feeling powerless yet trying to 
do something that was within my field 
of expertise to help. 


Fooling the printer 


Another thing we did was to post 
flyers in nearby letter boxes and put up 
lots of posters around the neighbour- 
hood. We printed them ourselves using 
a colour laser printer I’d bought some 
time ago and we were staggered to 
find that the $80-plus toner cartridges 
needed replacing after only a few hun- 
dred prints. What was annoying was 
that these toner tanks had little clear 
windows on the side and I could still 
see toner inside. 

A quick Google search confirmed my 
suspicions; there was apparently still 
as much as 40% of the toner remain- 
ing but a counter was “telling” the 
printer that the cartridge was empty, 
so I couldn’t use them as they were. 
Another search revealed a simple fix 
for the problem; all I had to do was 
remove a cover from one end of the 
toner cartridge, pull back a spring and 
rotate the counter wheel back to its 
original position. 
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EVERY TIME A CAR WENT PAST 


OR MY WIFE CALLED BIGGLES, 
MY EYES WATERED & 


MY EAR DRUMSQ 


MIDDLE... ~\ 
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In use, a lever attached to this wheel 
trips the mechanism after so many cop- 
ies and tells the printer that the toner 
cartridge is empty, even when it isn’t. 
Manually resetting it fools the printer 
into thinking that the cartridge is new. 

I tweaked all four and those same 
toner cartridges were still usable sev- 
eral hundred. more copies later. Do 
some research and give this ‘hack’ a 
go if you are appalled at how little use 
you get from your own colour toner 
cartridges. 

Indirectly then, being a serviceman 
has helped in our search for Biggles but 
so far we haven’t found him. We’re not 
about to give up though and if there’s 
something else I can build or modify 
that might help locate him, you can 
bet your life I’ll be doing it. 

That’s all part of the challenge of 
being a serviceman! 


Hybaid oven repair 
Some faults have quite ‘violent’ 












O vey 


symptoms but are easy to track down 
and fix. K. D. of Chermside, Qld 
recently fixed two ovens that went 
‘bang’... 

I recently had two simultaneous 
failures of “things that get hot” — one 
at work and one at home. Fortunately, 
both were simple physical faults that 
required only a little detective work 
to track down. 

Fault number one occurred in a 
Hybaid HB-OV-1 “hybridisation” oven 
that’s usually used in our laboratory to 
incubate samples for molecular biol- 
ogy. In addition to maintaining a stable 
temperature of about 70°C, these ovens 
have a simple mechanism for rotating 
the sample vessels inside. I’d been told 
that this one didn’t work but that “it’s 
only the fuse”. 

The fuseholder was incorporated 
into the IEC power inlet socket but the 
holder was jammed in place. When I 
finally prised it free, I found that the 
3.2A M205 fuse was a pile of broken 
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and blackened glass and the plastic 
had charred. I couldn’t see any other 
problems, so I replaced the IEC socket 
and fuseholder and confirmed that the 
earth continuity and insulation resist- 
ance were acceptable. I then applied 
power and the oven ran perfectly. 

After test running it for two days 
without problems, I returned the 
oven to service. So it looked like the 
user had been correct and it was just 
the fuse 

Unfortunately, this ‘cure’ proved 
to be short-lived. About a week later, 
another user placed a sample into the 
oven and closed the door. As they did 
so, there was a loud bang and the oven 
went dead. This time the fuse tray was 
actually ejected from the inlet and 
the fuse in the Active line had blown 
apart with great force. I don’t believe 
in coincidences — two fuses don’t fail 
violently for no reason. 

The failure was clearly related to 
closing the oven door. However, there 
are no switches activated by the door, 
so it was just the vibration involved 
that had triggered the failure. 

Ireplaced the IEC socket/fuseholder 
once more and checked the resistance 
from Active to Earth. It showed an 
open circuit but I knew there had to 
be an intermittent short somewhere. 
A few gentle taps didn’t reveal any- 
thing, so I bounced the oven up and 
down rather vigorously on the bench 
and eventually saw a brief flick of the 
meter’s needle. 

Stripping off the covers quickly 
revealed the culprit. The element was 
held in place by clips made from spring 
steel but after years of thermal cycling, 
they had lost their grip. As a result, 
vibration from the fan and the door had 
caused them to move slightly and the 
one on the Active side of the element 
had moved far enough to intermittently 
short the contact to chassis. 

Ire-tensioned the clips and added a 
spot of JB Weld to ensure that if they 
ever do loosen their grip again, they 
can’t migrate and cause a short. A 
week of testing and even more vigor- 
ous bouncing confirmed that the fault 
had been fixed. 


Coincidence 

By coincidence, one night during 
that week of testing, I was cooking 
dinner at home when there was a bang 
from inside the cooktop (an Ariston 
PL6 04 GB) and I was plunged into 
darkness. I immediately went to the 
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Allan Linton-Smith, of Turra- 
murra, NSW ran into a problem with 
a variable filter unit when designing 
the Majestic Loudspeaker System de- 
scribed in the June 2014 issue of SILI 
CON CHIP. Here’s what happened... 

During the design and testing of 
the Majestic Loudspeaker project, 
an old Krohn-Hite Model 3200/3202 
filter was taken out of mothballs to 
act as a variable active crossover. 
This device is a solid-state, dual- 
channel, 24dB/octave filter and 
is continuously variable between 
20Hz-2MHz. It has an insertion loss 
of OdB anda specified hum and noise 
figure of 100pV. 

Basically, it can be used as a vari- 
able high-pass filter, a low-pass filter 
and as a band-reject filter. By setting 
one channel on low pass and the 
other on high pass, it was easy to set 
a crossover point for the drivers used 
in the Majestic loudspeaker. In prac- 
tice, the two audio signals from the 
filter were fed to two power ampli- 
fiers which then fed the woofer and 
tweeter in a bi-amped arrangement. 

The idea behind this was to save 
time. Instead of experimenting with 
different fixed crossover networks, it 
would be relatively easy to determine 
the best crossover point for this sys- 
tem just by dialling a knob or two. 
In addition, any adjustments in level 
between the woofer (97dB/1W @ 
1 metre) and the tweeter (110dB/1W 
@ 1 metre) could easily be made by 
using a 100kQ level pot at the input 
of each power amplifier. 

Initially, the filter was connected 


switchboard and found that both the 
cooktop and main circuit breakers 
had tripped. 

In view of this, I suspected that 
either the cooktop’s element or its 
control had shorted, so I switched 
off the element I was using, reset the 
breakers and finished cooking on 
another element. I also removed the 
knob for the faulty element to remind 
myself not to use it. 

A few days later, before I’d looked 
into the first failure, the same thing 
happened again while I was using a 
different element. Of course, it may 
have been a coincidence but as I’ve 
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to a CD player and the crossover set 
to 2kHz. The sound that emerged was 
horribly distorted and so the filter 
was removed and taken to the work- 
shop to see if it could be repaired. It 
was manufactured over 30 years ago 
but it was state-of-the-art back then! 
In fact, the technical sheet states 
that “Krohn-Hite . . . offers for the 
first time, an all solid-state variable 
electronic filter!” 

Because it was a good-looking 
well-made (in the USA) instrument, 
it deserved a quick look instead of 
just chucking it out. 

The first suspects were noisy 
transistors in the buffer stages. Per- 
haps it could be fitted with a more 
modern buffering amplifier based on 
low-noise ICs? The THD+N meas- 
ured around 4% on both channels 
and things looked bad. However, 
when a 400Hz high-pass filter was 
switched in (this is an internal filter 
in my Audio Precision Analyser), 
the THD+N dropped dramatically to 
around 0.1%. This indicated that the 
problem was being caused by lots of 
hum and a quick check with a scope 
confirmed this. 

Opening the device up was easy 
as it has four sliding panels which 
are held in place with just a few 
screws. Removing these panels ex- 
posed everything within the chassis. 
It was like viewing the components 
in 3D! Krohn-Hite really understand 
servicing requirements! 

There were two separate channels, 
each with its own power supply 
and each with dual rails of +16V. 


said before, I don’t believe in those. 

The following weekend, I removed 
the cooktop from the counter and ran 
a few basic checks. These checks re- 
vealed no short circuits, gave sensible 
resistances for the element ratings and 
revealed only minimal (normal) leak- 
age via the elements. So the elements 
and controls were all OK. 

Next, I turned my attention to the 
neon indicator. This was supposed to 
light when an element was on but had 
never worked during the five years I’d 
lived in the house. The reason for this 
was now obvious — the neon assembly 
was floating loose, as the plastic hous- 


Each power supply had two 500yuF 
45V electrolytic filter capacitors 
and these were high on my list of 
suspects. A quick check on the AC 
components of these dual rails gave 
approximately 1.3V peak-to-peak for 
both channels! 

I checked one of the filter capaci- 
tors and it measured around 600nF, 
so that one seemed to be OK. This 
meant that one or more of the others 
were probably faulty but the wiring 
around these components was very 
complex. As a result, they were left 
in place until replacements could 
be obtained. 

Given their age, it made sense 
to replace all four. The original ca- 
pacitors were chassis-mount types 
and I was unable to source direct 
replacements. In the end, I opted to 
use 5600uF 45V units from Jaycar 
(Cat. RU-6709). These have the same 
diameter as the originals but have 
pigtails rather than lugs. 

Fortunately, the existing chassis 
clamps fitted perfectly, so it wasn’t 
a problem to change these four ca- 
pacitors. A quick check of the AC 
component on the DC supply then 
indicated 2.5mV and 3.0mV peak- 
to-peak, which was a significant 
improvement. But would it help? 

A check on the Audio Preci- 
sion Analyser now showed that 
the THD+N at 1V RMS input was 
0.027% on one channel and 0.028% 
on the other. The residual noise was 
18.601V on one channel but was 
208uV on the other. That’s higher 
than the specification of 100nV but 
it can be forgiven on the grounds of 
age and the likely deterioration of 
other components. 


ing had turned brittle and broken away 
from its bezel. 

What remained of the neon was 
covered in soot, the result of a short 
circuit to the cooktop’s chassis. So the 
fault was quite simple and would be 
easy to fix. 

An identical neon in the oven (Aris- 
ton FM81R IX AUS) had never worked 
either, so I dismantled the oven for a 
closer look. The body of this neon had 
also gone brittle and broken away but 
it was sitting well clear of the chassis. 
Both neons were replaced with a more 
robust type and there were no more 
problems. SC 
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Here’s a new and improved-version of our very- popula ee 








SiipMaster 


electronic thermostat. {t's ideal for converting a chest freezer into 


ur new TempMaster is smaller, easier to adjust, 
QO has a wider temperature range and is now virtually 
immune to relay chatter problems. 

The previous version of the TempMaster was described 
in the February 2009 issue of SILICON CHIP and it has been 
very popular but as with most products, actual field use 
demonstrated that improvements can be made. Some com- 
mon problems involved ‘relay chatter’ and motor switch-on/ 
switch-off ‘stuttering’ when controlling fridges. 

Typically, readers also wanted a different temperature 
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an energy-efficient fridge, converting a fridge into a win 
controlling heaters in home-brew Nee agncries and fi8h, 


‘Coo 





range — either above or below the range of 2-19°C we had 
given the TempMaster Mk2. 

We had in mind a number of changes and improvements 
to the February 2009 design but things were brought to a 
head by a design recently submitted by reader Alan Wil- 
son. He effectively solved the noise sensitivity and relay 
chattering problem by providing a fast attack/slow decay 
filtering function, employing the previously unused second 
comparator in the IC package. So our new version of the 
TempMaster includes his modification. 
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We have also expanded the temperature adjustment 
range, reduced the already low quiescent power consump- 
tion and it now fits into a smaller and cheaper case. So here 
is the list of improvements and changes: 


¢ Much greater noise immunity and hence almost com- 
plete freedom from annoying relay chatter and motor 
switching stutter. 

e A much wider overall temperature adjustment range 
(from -23°C to +47°C), which can be set by changing 
‘max’ and ‘min’ jumper shunts rather than having to 
change resistor values. 

e The use of a more efficient low-voltage regulator and 
CMOS dual op amp, lowering the quiescent power 
consumption to below 45 milliwatts (0.045 watts) — 
equating to 1.08Wh/day while running from battery. 


How it works 


Fig.1 shows the basic configuration of the TempMaster 
Mk3 when it’s set up for controlling a fridge or freezer. 

The heart of the circuit is the remotely-mounted LM335Z 
temperature sensor, TS1. The LM335Z acts similarly to a 
special kind of zener diode but its voltage drop varies in 
direct proportion to absolute temperature, having a value 
of OV at 0 Kelvin (-273°C) and rising linearly by 10mV for 
every Kelvin (or °C) rise in temperature. 

This is shown in the graph of Fig.2. At a temperature 
of -10°C (263K), the voltage drop of the LM335Z is very 
close to 2.63V. Similarly at 40°C (313K), it rises to 3.13V. 
We use this change in voltage to control the temperature 
of our fridge/freezer or heater by comparing the sensor’s 
voltage with a preset reference voltage. 

The comparison is made by IC1a, one section of an LM- 
C6482AIN dual CMOS op amp which is connected as a 
comparator. For cooling control, the sensor voltage VsEnsor 
is fed to the non-inverting input, pin 3, of IC1a via a 1.2kQ 
resistor, while the reference voltage Vppr is taken from ad- 
justment trimpot VR1 and fed to the inverting input, pin 2. 

If Vsensor is lower than Vpgr (because the temperature 
of TS1 is lower than that corresponding to Vpgr), the output 
of IC1a will be low — close to OV. But if the temperature 
being sensed by TS1 should increase to the set threshold, 
VsENsorR Will rise just above Vpgr and the output of IC1a 
will switch high — to almost +12V. 


Heating 

The reverse sequence of events happens when the circuit 
is configured for heating control rather than cooling. In this 
mode, sensor TS1’s voltage Vsgnsor is fed to the inverting 
input of IC1a, while the reference voltage Vpgr is fed to 
IC1a’s non-inverting input via the 1.2kQ resistor. (In other 
words, the two voltages are swapped around.) 

As a result the output of IC1a remains low while ever 
VsEnsor is higher than Vprr but switches high as soon as 
VSENSOR falls below VREF 


Hysteresis 


Returning to the cooling control configuration shown 
in Fig.1, note the 10MQ resistor connected between the 
output of IC1a (pin 1) and its non-inverting input (pin 3). 
This is to provide a very small amount of positive feedback. 

We do this so that once pin 1 has switched high, the 
actual voltage fed to pin 3 will be slightly higher than the 
sensor voltage Vsgnsor (about 1mV higher, in fact). As a 
result, VsEnsor needs to fall slightly below Vpgr before 
the voltage at pin 3 drops to the level matching Vrgr. But 
then pin 1 suddenly switches low again, which causes the 
voltage at pin 3 to drop back to Vsggnsor. 

So the effect of this small amount of positive feedback 
is to create a small difference between the comparator’s 
turn-on and turn-off voltage levels (and the corresponding 
temperatures). 

This is called “hysteresis” and is designed to minimise 
any tendency for the comparator to oscillate or ‘stutter’ at 
the switching thresholds — especially the turn-off threshold. 

Now we come to the improvement proposed by reader 
Alan Wilson, involving diodes D3, D4 and IC1b. Together 
with the 10pF capacitor and the second 10MQ resistor, 
D3 & D4 form a fast-attack/slow-decay filter. This works 
in conjunction with IC1b (connected as a comparator) to 
ensure that transistor Q1 and the power switching relay are 
able to turn on quite rapidly as soon as the output of IC1a 
switches high but cannot switch off again for 30 seconds 
or so after the output of IC1a has dropped low. 

This is because the 10pF capacitor can charge up quickly 
via D3 but can only discharge quite slowly via D4 and the 
10MQ resistor — and only when the output of IC1a has 
dropped low, in any case. 

ICib also has a modest amount of positive feedback ap- 


220k .8v WHEN RELAY OFF, 


+4V WHEN RELAY ON 


IC1: LMC6482AIN 


220k 


TEMPMASTER BASIC CONFIGURATION — COOLING CONTROL 


Fig.1: this simplified circuit shows the basic operation. The full circuit is shown overleaf in Fig.3. 
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TEMPERATURE — DEGREES CELSIUS (KELVINS IN GREEN) 


Fig.2: the LM335Z sensor voltage changes with its temperature, and that change is linear from way below zero up to above 
the boiling point of water. Actual operating range is -40°C to +100°C. 


plied, via the 220kQ resistor linking pins 7 and 5. This also 
helps ensure that there can be no relay stuttering during 
either turn-off or turn-on. 


The full circuit 


Now let’s look at the full circuit of Fig.3 to consider the 
finer points of operation. Temperature sensor TS1 plugs 
into socket CON2 which connects to test point TP2 and 
one end pin of links LK1 and LK2. It also connects to the 
regulated +5.0V rail via a 5.6kQ resistor, which feeds the 
sensor a small bias current. The regulated +5.0V rail is 
provided by REG1, an LP2950ACZ device. 

The reference voltage to be compared with the sensor 
voltage is derived from the same regulated +5.0V supply 
rail, via a voltage divider formed by the 1.8kQ resistor (at 
the top) — plus a string of 200Q and 100Q resistors and 
finally the 2.4kQ resistor at the bottom. 

The divider provides a set of five different tapping 
voltages, with +3.2V available at the top and +2.5V at the 
bottom. Link set LK3 allows you to select one of three volt- 
age levels as the temperature range maximum, while link 
set LK4 allows you to select one of another three voltages 
as the temp range minimum. 

The temperature setting ‘fine tuning’ is done using VR1, 
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a 500Q multi-turn trimpot. Its two ends are connected to 
LK3 and LK4 respectively, so whichever maximum and 
minimum temperatures have been selected using these 
links, VR1 then allows you to select any specific Vpgp in 
this range, corresponding to your desired threshold or ‘set 
point’ temperature. 

For example, if you have set LK3 to position 3 to givea 
maximum Vpgr of 2.7V, and have also set LK4 to position 
3 to give a minimum Vpgr of 2.5V, VR1 will then let you 
select any voltage between these two limits. This means 
you'll be able to select any threshold temperature between 
about -3°C and -23°C. Get the idea? 

Note that the selected reference voltage Vpgr is made 
available at test point TP1, while the sensor voltage 
VsEnsor is always available at TP2. 

These two voltages go to links LK2 and LK1, which are 
used to select either the heating (H) or cooling (C) mode 
of operation. As mentioned earlier, this involves simply 
swapping which of the two voltages, Vpgr and Vsensor, 
is passed to the non-inverting input of IC1a, and which is 
fed to the inverting input. 

The rest of the circuit is very similar to the basic outline 
in Fig.1. The only real differences are the addition of small 
filter capacitors between both inputs of IC1a and IC1b (to 
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Fig.3: this full circuit of our new TempMaster has many similarities with the simplified version of Fig.1. While the 
control circuitry operates from low voltage and is isolated, it is switching mains so must be regarded as dangerous. 


improve noise immunity), and the addition of LED1 with 
its 6.8kQ series resistor, across the relay coil. This is to 
provide an indication of when the relay is energised. 

All of the circuit operates from 12V DC fed via CON1, 
polarity protection diode D1 and a 10Q resistor which 
limits the current through zener diode ZD1 if the voltage 
rises above 16V. 

The supply can come from a 12V plugpack or battery, 
and since the current drain is only around 100mA when 
the relay is switched on and less than 4mA when it’s off, 
only a small battery or plugpack is required. This should 
make the TempMaster Mk3 very suitable for use with solar 
power systems. 


Construction 
Nearly all of the components used in the TempMaster 
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circuit are mounted on a PCB measuring 104 x 80mm and 
coded 21108141. The board has rounded cut-outs in each 
corner so it fits inside a sealed polycarbonate case measur- 
ing 115 x 90 x 55mm, sitting on the tapped pillars moulded 
into the bottom of the case. 

We have used a rugged 12V relay (RLY1) rated to switch 
250VAC at up to 30A so that it can easily handle typical 
fridge, freezer or heater loads. The connectors for the 12V 
DC input (CON1) and remote temperature sensor TS1 
(CON2) are mounted on the right-hand side of the board, 
accessed via matching holes on that side of the case. The 
“set temperature” trimpot VR1 is mounted between these 
two connectors and is also accessed by a small hole, while 
the “relay on” indicator LED1 is visible via a similar small 
hole below CON2. 

The only components not mounted on the PCB inside the 
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TempMaster Mk3 itself are the fused IEC mains input con- 
nector (CON4) and the switched 3-pin mains outlet or GPO. 
The latter is mounted on the lid, while the former mounts 
in the left-hand side of the case (in a matching cut-out). 

Note that CON4 should be fastened inside the case using 
two 10mm Nylon screws and Nylon hex nuts. 

When wiring the board, follow the internal photos and 
Fig.5 closely. 

Begin wiring up the board by fitting the three terminal 
pins (used to provide test points TP1, TP2 and TPG). These 
go at centre right on the board. Then fit DC input connector 
CON1, temperature sensor socket CON2 and the two-way 
terminal block CONS (used for the relay coil wires). If you 
want to use a socket for IC1 this can be fitted now as well. 

You can also mount the two three-way SIL headers for 
LK1 and LK2, which are located just to the left of TP1. 
Then fit the two 3x2 DIL headers for LK3 and LK4, which 
go just above LK2. 

Next install the various fixed resistors, making sure each 
one goes in its correct position. Check their values with a 
DMM just before it’s fitted to the board. Then fit trimpot 
VR1, between CON1 and CON2. 

The five non-polarised polyester and MMC capacitors 
can go in next, followed by the two 10pF tantalums and 
finally the 470pF electrolytic. Note that the last three are 
polarised and must go in the correct way around. 

Then fit diodes D1-D4, zener diode ZD1 and transistor 
Q1, again paying attention to polarity. LED1 should be 
mounted vertically and with the bottom of its body about 
15mm above the board (the leads will be bent by 90° later). 
Make sure the LED is orientated so that its ‘flat’ is near 
the top of the board and its longer anode lead is passing 
through the lower hole in the board. 

Then solder REG1, followed by IC1 — soldering it in place 
if you’re not using an IC socket. 

Relay RLY1 is attached to the board using two M4 x 10mm 
machine screws, with flat washers, lockwashers and hex 
nuts. Before you mount it, you need to cut a small piece 
from the relay’s mounting flange at the switching contacts 
end, as shown in Fig.5. (This is to provide clearance for 
the body of CON4, when it’s fitted later.) The soft plastic 
can be cut quite easily using a small hacksaw and the cut 
edges smoothed using a small file. 

Then mount the relay on the PCB with its coil connection 
spade terminals at the bottom and its contact connectors at 
the top, again as shown in Fig.5. Also make sure that you 
fit the relay mounting screws facing upwards — that is, with 
their heads under the board and the nuts and washers above 
the relay mounting flanges. Otherwise the PCB assembly 
won't fit properly down inside the case. 

With the PCB now complete, you drill and cut the vari- 
ous holes needed in the case and its lid. The drilling and 
cutting details are shown in Fig.7. 

Note that the cut-out in the rear long side of the case/ 
box for fused IEC mains inlet CON4 extends almost to the 
very top — but not quite. Drill and file the cut-out first so 


Fig.4: the cable 
connecting the 
input and output 
sockets should 
be cut from a A 
10A 3-core mains 
cable offcut. 


BARE ENDS SECURED 
IN MAINS GPO 
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Full-size photo of the assembled PCB. All components 
(with the exception of the IEC mains input socket and the 
GPO) mount on this board. Note the double-insulating 
layer of heatshrink tubing over the coil wiring between 
the PCB and the coil spade terminals. 


that it extends almost to the top of the outer box side and 
then carefully extend the top using a small file, until CON4 
just slips inside. 

Once the case is prepared, lower the PCB assembly down 
into the main part of the case until it’s resting on the standoff 
pillars. Then decide where the leads of LED1 will need to 
be bent outward by 90°, so it will just protrude from the 
matching hole in the side of the case. When you have bent 
the LED leads to achieve this, lower the PCB assembly into 
the case again and screw it into place using four M3 x 6mm 
machine screws, which mate with the metal nuts moulded 
into the standoffs in the bottom of the case. 

Then fit the IEC mains input connector CON4 into its 
cut-out and secure it with two M3 x 10mm Nylon screws 
and nuts. 

Mount the mains outlet GPO on the case lid, with its 
‘backside’ passing through the matching rectangular cut- 
out. This is done by unclipping the outer dress cover plate, 
to reveal the various recessed mounting holes which are 
provided. 

The holes you'll be using here are those that are spaced 
84mm apart, along the ‘east-west’ centreline of the GPO. 
You need to attach the GPO to the case lid using a pair of 


2x 4.8mm & 1 x 6.8mm 
CRIMPED FEMALE SPADE 
CONNECTORS 
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Fig.5: follow this component overlay and wiring diagram exactly to ensure your TempMaster is 
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completely safe. Note particularly the use of cable ties to ensure all connecting wires are securely held - 
that’s also the reason we use a piece of flexible 10A mains cable with its outer sheath left in place as much as possible. 


M4 x 15mm pan-head screws passing down through these 
holes and fitted with star lockwashers and M4 nuts inside. 
Tighten these up firmly to make sure that the GPO can’t 
work loose. 

Don’t fit the GPO’s dress cover plate at this stage. It’s 
clipped on later - after the lid is finally screwed onto the 
case, because the cover plate just interferes with the lid- 
to-case assembly screw heads. 

Next you need to prepare the mains connection cables 
which link the GPO to the IEC mains connector and the 
contacts of RLY1. 

Fig.4 shows a same-size diagram of the mains connecting 
cable. It makes sense to use a length of thin mains-rated 


30mm LENGTH 
OF 5mm DIA 
HEATSHRINK 


10A flex for this as you will not only obtain the insulation 
level required but leaving the outer sheath on the cable 
also keeps the conductors together. 

Note that the blue (Neutral) and green/yellow (Earth) 
wires from the GPO have 4.8mm fully insulated female 
spade connectors crimped firmly to their ‘far ends’ while 
the brown (Active) wire has a 6.8mm spade connector at- 
tached. The shorter brown (Active) wire connecting from 
the IEC connector active to the relay switch contact also 
has insulated spade connectors at both ends, one 4.8mm 
and one 6.8mm wide. 

Make sure you attach all of these spade connectors very 
firmly using a rachet-type crimp connector, so they will 


M3 x 9mm 
COUNTERSINK HEAD 
SCREWS WITH STAR 
LOCKWASHERS 
AND M3 NUTS 


ALUMINIUM 
HEATSINK PLATE 


3.5mm JACK PLUG 
(RED WIRE TO TIP) 


2) ®) 


Fig.6: steps in wiring the LM335Z temperature sensor. In step 1, the unwanted “ADJ” lead is cut off, two wires are 
soldered to the other pins and then covered with heatshrink. In step 2, the heatshrink is slid up and over the soldered 
leads and shrunk, followed by a larger length of heatshrink over the whole assembly. In step 4, you secure the sensor 
to a heatsink, then finally in step 5 connect the two wires to a 3.5mm jack plug. 
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re). 


give reliable long-term connections. 

Lastly you can make up the two 
short wires which are used to connect 
the coil of RLY1 to terminal block 
CON3. These can be made up from 
medium-duty insulated hookup wire, 
with each one having a 4.8mm insu- 
lated female spade connector crimped 
to one end. 

Once all of these wires have been 
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Fig.7: cutouts and holes required 
in the polycarbonate case. 





prepared, you can use them all to 
connect everything up as shown in 
Fig.5. This will complete the wiring of 
the TempMaster Mk3, but before you 
screw on the lid of the case to finish 
assembly, fit a Nylon cable tie to the 
mains wiring as shown in Fig.5 and 
the internal photo. This is to ensure 
that should any of the spade connec- 
tors somehow work loose, there is no 


way that it can swing around and make 
contact with any of the low voltage 
wiring. 

You can also fit another cable tie 
around the wires from the relay coil 
to CON3, to make sure these will also 
hold each other in place. 

Now you can fit jumper shunts to the 
two 3-way SIL header strips LK1 and 
LK2, in the centre of the PCB, depend- 
ing on whether you're going to be using 
the TempMaster to control cooling or 
heating. You should also fit jumper 
shunts to one of the three positions on 
both DIL header strips LK3 and LK4, 
to set the maximum and minimum of 
the temperature adjustment range you 
wish to use. 


Safety insulation 


Because there are low voltage 
components in close proximity to the 
mains outlet when the case is closed, 
it is essential to make sure they can 
never come in contact with each other. 

We do this with an insulating bar- 
rier, cut from a piece of Presspahn, 
Elephantide or similar insulation and 
bent it into an “L”-shape (as shown in 
Fig.8). This slides down the edge of 
the relay, keeping the mains and low 
voltage sides separate. 

A dollop of glue on the edge of 
the relay and the surface of the PCB 
alongside will hold the barrier in place 
when the top goes on. 

Fit the rubber sealing strip around 
the groove in the underside of the case 
lid and then screw the lid to the case 
using the four screws provided. Then 
you'll be able to clip the cover plate 
back on the GPO, to complete the as- 
sembly of the TempMaster Mk3 itself. 


Making the remote sensor 


The details for the temperature sen- 
sor are shown Fig.6. The first step is 
to clip short the unwanted third lead 
of the LM335Z sensor and then solder 
the ends ofa 2-core ribbon cable to the 
other two leads after slipping 25mm 
lengths of 2.5mm diameter heatshrink 
sleeving over each one. 

After the solder cools, the sleeves 
are then moved up until they butt 
hard against the body of the LM335Z. 
Then they are heated to shrink them 
in place (step 2). Then a 30mm length 
of 5mm diameter heatshrink sleeving 
is slipped along the cable and over 
the other sleeves, and heated in turn 
to shrink it in place as well (step 3). 

Prepare the sensor’s heatsink assem- 
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Aclose-up of 
the heatsink and 
clamp assembly 
for the LM335Z 
temperature 
sensor. 


bly by drilling two 3.5mm diameter holes on the centre 
line of the 50 x 25mm aluminium plate, 18mm apart. The 
bottom of both holes should be countersunk to accept 
countersink-head screws passed up from underneath. 

Next make the 30 x 10mm piece of 1mm aluminium into 
a clamp piece, by bending its central 8mm section into a 
half-round shape to fit snugly over the LM335Z body. After 
this drill 3.5mm holes in the flat ends of this clamp piece, 
18mm apart again to match the holes in the larger plate. 
You should then be able to assemble the probe with the 
LM335Z clamped to the top of the plate ‘flat side down’, 
and the screws tightened down using M3 nuts and star 
lockwashers (step 4). 

Complete the sensor assembly by fitting the 3.5mm mono 
jack plug to the other end of the two-core ribbon cable, 
connecting the red wire to the ‘tip’ lug and the brown wire 
to the ‘sleeve’ lug (step 5). 


Initial checks 


Before doing anything else, use your multimeter or DMM 
(set to a low ohms range) to check between the Earth pin 
of the IEC connector (CON4) and the Earth outlet of the 
GPO. You should get a reading of zero ohms here (this 
checks the integrity of the Earth connection). 

Then fit a 10A slow-blow M205 fuse into the fuseholder 
in the IEC connector. Do not connect 230VAC power to 
the unit until you have done the set-up adjustments. All 
setup is done using the low-voltage supply only. 

DO NOT CONNECT 230VAC power without the lid in 





Fig.8: L-shaped insulation barrier inserted between the low 
voltage components and the mains wiring. 
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Parts List - TempMaster Mk3 


1 Polycarbonate case, light grey, 115 x 90 x 55mm 
(Jaycar HB-6216 or similar) 

1 PCB, code 21108141, 80 x 104mm 

1 SPST relay, 30A contacts with 12V/100mA coil 
(Jaycar SY-4040 or similar) 

1 2.1mm or 2.5mm concentric DC connector, PC-mounting, to 

suit plugpack (CON1) 

3.5mm switched stereo socket, PC-mounting (CON2) 

2-way terminal block, PC-mounting (CON3) 

3-pin SIL header strip, PC-mounting (LK1, LK2) © 

3x2-pin DIL header strip, PC-mounting (LK3, LK4) 

Jumper shunts 

1mm diameter PCB terminal pins 

IEC panel-mount mains socket with fuse (CON4) 

Single 250VAC switched General Purpose Outlet (GPO) 

10A M205 fuse cartridge, slow blow 

105 x 75mm piece Presspahn insulation (Jaycar HG-9985) 

M3 6mm machine screws, pan head 

M4 10mm machine screws, pan head 

M4 15mm machine screws, pan head 

M4 hex nuts with flat & lockwashers ; 

M3 10mm Nylon screws, pan head, with Nylon hex nuts 

205mm length of 10A 3-core mains flex 

60mm length of 10A brown mains wire 

70mm lengths of medium duty insulated hookup wire 

Nylon cable ties 

6.8mm insulated female spade connectors for 1.2mm wire 

4.8mm insulated female spade connectors for 1mm wire 

3m length of 2-conductor ribbon cable 

25 x 50 x 3mm aluminium sheet 

30 x 10 x 1mm aluminium sheet 

25mm lengths of 2.5mm heatshrink sleeving 

30mm length of 5.0mm heatshrink sleeving 

M3 9mm machine screws, countersink head 

M3 hex nuts & star lockwashers 

3.5mm mono jack plug 
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emiconductors 

















1 LMC6482AIN dual CMOS op amp (IC1) 

1 LP2950ACZ-5 micropower LDO regulator (REG1) 

1 LM335Z temperature sensor (TS1) 

1 BC327 PNP transistor (Q1) 

2 1N4004 1A diodes (D1,D2) form’ kit for the 

2 1N4148 signal diodes (D3,D4) TempMaster Mk3 
2 shortly — includes 

Pe secltall PCB with relay 

1 470uF 25V RB electrolytic and onboard 

2 10yF 16V tag tantalum components plus 

1 1pF monolithic multilayer ceramic temperature sensor 

1 100nF monolithic multilayer ceramic |and mounting plate. 

1 47nF MKT Cat KC-5529, 

1 2.7nF MKT $39.95 

1 1nF MKT 





Resistors (0.25W 1% unless specified) 
210MQ 3220kQ 122kQ 16.8kQ 15.6kQ 1 4.7kQ 
12.4kQ 11.8kQ 11.2kQ 3200Q 21000 

1 100 0.5W 5% 

1 500Q horizontal 25-turn cermet trimpot (VR1) 
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Internal views of the TempMaster Mk3 — above, with the 
PCB in place and at right, fully assembled with shield. 


place, to eliminate the risk of electric shock. 


Setting it up 

This is done by adjusting trimpot VR1 (using a small 
screwdriver through the access hole in the front panel) 
to produce the reference voltage level at test point TP1 
corresponding to the average temperature you want the 
TempMaster to maintain. 

First plug the 12V DC cable from your plug pack or bat- 
tery supply into CON1 at the right-hand end of the box—do 
not plug the mains supply in yet. Then use your DMM to 
measure the DC voltage between TP1 and TPG. 

The voltage should be somewhere between the maximum 
and minimum levels you have set using the links of LK3 
and LK4. Select the temperature you want from the hori- 
zontal axis of the graph in Fig.2, and adjust VR1 to obtain 
the corresponding DC value on the vertical axis. 

All that remains now is to mount the remote sensor in- 
side the fridge or freezer cabinet, or inside the hothouse or 
seed germinating cabinet, attaching the sensor’s heatsink 
plate to the side of the cabinet using two short lengths of 
‘gaffer’ tape. ; 

Then you can run its ribbon cable outside, holding it 
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| No. Value 4-Band Code (1%) 
| Q 2 10MQ brown black blue brown 
Q 3 220kQ red red yellow brown 
| Q 1 22kQ red red orange brown 
Q 1 6.8kQ blue grey red brown 
| Q 1 5.6kQ green blue red brown 
| Q 1 4.7kQ yellow violet red brown 
QO 1 2.4kQ red yellow red brown 
Q 1 1.8kQ brown grey red brown 
Q 1 1.2kQ brown red red brown 
Q 3 2002 red black brown brown 
Q 2 1002 brown black brown brown 
| Q 1 


102 


Ope — 


| 
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brown black black brown 





= Canacitor/Codesy 
Value uF Value IEC Code 
1pF 1pF 1000n 
100nF 0.1uF 100n 
47nF 0.047uF 47n 
2.7nF 0.0027uF 2n7 
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5-Band Code (1%) 


oe 


see 
i | 
| 
| 
| 


EIA Code} 
105 | 
104 | 
473 | 
272 | 








brown black black green brown 


red red black orange brown 
red red black red brown 


blue grey black brown brown 
green blue black brown brown 
yellow violet black brown brown 
red yellow black brown brown 
brown grey black brown brown 
brown red black brown brown 


red black black black brown 
brown black black black bro 


wn 


brown black black gold brown 







| 
| 


Naas 
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These diagrams show three different 
ways that the TempMaster Mk3 can be 
connected up to control the temperature 
of a fridge, freezer or heater set-up. 

Which one you use will depend on 
whether your fridge/freezer/heater operates 
from 230VAC or 12V DC, and also whether 
you will be running it from the AC mains 
or from a battery supply. 

Option A shows the simplest arrange- 
ment, where a 230VAC fridge/freezer or 
heater is to be operated directly from the 
mains supply. 

The 12V DC needed by the TempMaster 
itself can be supplied either by a small 
‘plug pack’ DC supply or from a 12V SLA 
battery which is kept ‘topped up’ by a suit- 
able charger. 

Option B shows how a 230VAC fridge/ 
freezer or heater can be connected to a 
12V/230VAC power inverter, in a home 
or building which relies on solar or wind 
generated power. 

The TempMaster itself can be powered 
from the main battery, along with the 
power inverter used to operate the fridge/ 
freezer/heater. 

Because there is no current whatever 
drawn from the TempMaster’s IEC mains 
input socket when the TempMaster has 
switched off the power to the fridge/freezer/ 
heater, the inverter should be able to drop 
back to ‘sleep’ mode at these times. 

Option C shows how to connect things 
up when the TempMaster is to be used with 
a 12V fridge/freezer and a solar power sys- 
tem. In this case, you MUST replace both of 
the TempMaster’s ‘mains’ connectors with 
suitable low voltage plugs and sockets, to 
make sure that they can’t be accidentally 
connected to 230VAC. 


down with further strips of gaffer tape so it will pass neatly 
under the rubber door seal when the door is closed. 

If you mount the thermostat case on the wall just behind 
the fridge/freezer or heater, the plug on the end of the rib- 
bon cable can be plugged into CON2 on the lower front of 


the case to complete the job. 


Now you can unplug the power cord of the fridge/ 
freezer/heating cabinet from its original GPO socket 
and plug it instead into the GPO on the top of the 
TempMaster. Then when you connect the Temp- 
Master’s own IEC mains connector to the original 
GPO via a suitable IEC mains cable, the complete 
system will begin working. (You do have to flick 
the switch on the TempMaster’s GPO to the ‘on’ 


position, of course!) 


If you want to make sure that the thermostat is 
holding the fridge/freezer/heater to the temperature 
you want, this can be done quite easily using a ther- 
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TempMaster Connection Options 
2300KC WALL 
OUTLETS 
(GPOs) 














TEMPMASTER Mk3 SENSOR 











(12V DC LEAD) USE WITH 230V 
FRIDGE/FREEZER/ 
12V DC PLUG PACK HEATER, MAINS POWER 


(OR CHARGER + 12V SLA BATTERY) 





IEC MAINS 
CORD 

























USE WITH SOLAR/WIND 
© power, 230V FRIDGE/ 
FREEZER/HEATER 












USE WITH SOLAR/WIND 
POWER & 12V 
FRIDGE/FREEZER 





mometer placed inside the cabinet for a while. 

You can see when the TempMaster is switching power 
to the compressor or heater simply by watching LED1. 

If you need to adjust the average temperature up or down, 
this is done quite easily by adjusting trimpot VR1 using a 
small screwdriver, through the small hole in the front of 
the case (between the holes for CON1 and CON2). $C 






= : : 
Full-size artwork for the TempMaster Mk3 front panel, which 
mounts on the box side. The GPO fastens through the top of the box. 
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ALTRONICS 


Build It Yourself Electronics Centre 


August Best Buys 


Bring 3D Prototyping 
to your desktop! 


anufactured in Europe by renowned kit maker 
elleman, this superbly designed 3D printer 
lows you to create your own 3 dimension 
rototypes and designs at home. It features a 
00 x 200 x 200mm build area with heated 
int bed and uses PLA or ABS 3mm filament. 
he tubular frame construction is simple to put 
together and leaves plenty of scope for 
modification if you so desire! * Excellent 
upport from Velleman service forum « Fully 
upgradeable as new software & firmware is 
released * Includes power supply * Includes 
ALL parts, no need to buy anything else. Build 
it and print! Check the website for 
comprehensive specs. 


Issue: 
August 2014 





ee 


ASGND D 


o 





Optional Add Ons: 
K 8230 Control module with LCD & SD card slot 
K 8234 LED lamp for a clear view of printed objects: 


Filament Reels Black Grey White 
PLA 1kg K 8210 K 8213 K 8215 
ABS 1kg K 8220 - K 8223 


Also shoots = 
12 megapixel 
photos! 


Plug-In Mains 
Energy Meter 

How green is your 
family? Monitor energy 
usage of any appliance 
in the home. Simply 
plugs into a standard 
GPO and displays usage / ~ ae ; a 
in kW/h or dollars. ! we 


ee ne Sa ie Portable HD Flip Screen Dashboard Camera 

Designed both as a dashboard camcorder and a Full HD portable handi- 
cam for documenting your adventures! Fully adjustable 2.5” flip screen 
and rotating lens. Includes ca wer adaptor & windscreen bracket. 
32GB SD card to suit DA0323 $ 


S$ 9433 





Shows real running 
costs of appliances 


600A AC/DC 
Clamp Meter 
Accurately measures 
AC or DC current to a 
MASSIVE 600A! 

A professional unit with 
advanced features such 
as true RMS AC meas- 
urement, resistance, 
temperature, capaci- 
tance, zero & hold 
functions - All supplied 
with carry case & test 
leads. Max input 600V. 


Q 0966 


Flexibility of AC 
and DC testing! 


N 0710 






Folds up to 
about the size 
of an A4 book. 





Stay Charged Up On Your Travels! 
This folding solar panel charger is an ideal way 

tablet charged when camping, hiking etc. 1 

USB output. Charges a t 

conditions). Multiple u in be daisy jf ging. 


Our Build It Yourself Electronics Centres... 


» Springvale VIC: 891 Princes Hwy » Auburn NSW: 15 Short St » Perth WA: 174 Roe St 
» Balcatta WA: 7/58 Erindale Rd » Cannington WA: 6/1326 Albany Hwy 







Serving Electronic Enthusiasts Since 1976. 
For over 35 years Altronics has been a valued supplier of quality 
electronic components & public address equipment. Offering 
10,090+ products, available from our Stores and online. 












New online shopping experience at 
wvww.altronics.com.au 





New 4WD Lighting Range 
a 


Tough 40W CREE® LED Lamps 
P68 weatherproof vehicle lamps 
housed in a diecast powdercoated case. 
2800 lumen output. 304 grade 
stainless hardware with durable UV 
stabilised flyleads. 9-40V DC, 3A 
current draw. 

Size: 125Wx155Hx88D mm. 

Sold individually. 

X 2902 Floodlight X 2904 Spotlight 

















X 2906 
100W CREE? LED Light Bar 


This superbly constructed 1OOW bar features ten 

CREE® LEDs. Great for mounting on utility bars, 

roof racks etc on 4WDs and boats. 7500 lumens output. 304 rated 
stainless steel bolts and adjustable aluminium mounting brackets. 9- 
48V dc operation, 6.25A current draw (12V). Size: 443W x 64H x 
92Dmm. Sold individually. 


Marine 25W LED Flood Lamp 
Housed in a stylish diecast white 
powdercoated case this 1800 lumen 
flood bean CREE® LED is the perfect 
addition to your boat. UV stabilised 
flyleads with 304 rated stainless steel 
hardware. 9-32V DC operation. 

2A current draw. Size: 1069 x 

91D mm. Sold individually. 





X 2900 


Compact 10W LED Work Lamp 
A great addition to the 4WD for beach 
fishing or exterior lighting for caravans, 
heavy machinery and trucks. 57@ x 
65Dmm.Weatherproof (IP67 rated) diecast 
case. Features a 720 lumen CREE® LED 
element. Durable UV stabilised 

flylead. . 9-60V de operation, 

750mA current draw. 
Sold individually. 





X 2908 


Phone Order Now On... 


1300 797 007° 


or shop online 24/7 at www.altronics.com.au 











Wireless sound 

anywhere you want it! 

This wireless speaker uses the latest 
Bluetooth 4.0 standard with quick 
NFC device pairing with your 
smartphone or tablet. 40mm 
compact speaker and tuned 
enclosure * Hands-free phone 
functionality. 


D 2036 






1W torch with weatherproof case! 


NEW Bluetooth® Speaker & Torch 

Listen to music on the go! Wireless music streaming combined with 
a torch/bike light with flash mode. Built in mic allows hands free 
phone calls. Great for fishing too! 


Great for IP 
CCTV systems! 


D 4212 


Power up network ‘PoE’ devices. 

An 8 port gigabit switch equipped with 4 ‘power 

over ethernet’ (PoE) ports designed to power 802.3af compliant 
devices such as IP cameras, IP telephony handsets and wireless 
APs. Provides up to 15W of power per port up to 100m. 


Power Over 

Ethernet Injector 

This handy PoE adaptor allows 
you to convert an existing data 
only cable into a power & data 
cable run. This allows you to 
power 802.3af compliant devices 
such as IP cameras, IP telephony 
and wireless APs. Provides 15W 
over 100m. 





NEW Qi ‘Cable Free’ 
Charging Pad 

A slimline 3 coil charging 
pad for phones equipped 
with QI charging (or those 
fitted with a QI case). Just 
put your phone on the pad 
and it charges instantly! 


High current design! 


M 8885 





HPM? Dual 4.2A USB Charger 


Dual 2.1A USB outputs for charging two tablets at once. Fitted 
with 1m mains lead for easy connection on your desk or table. 


HDMI KVM Switch 
Switches two HDMI 
equipped PCs to a single 
HDMI monitor. Includes 
USB peripherals and 
3.5mm audio jack inputs. 
Powered by included USB 
lead. Supports 4K/2K. 


D 3096 














BE follow @AltronicsAU 


¥_ wwwfacebook.com/Altronics 








Express Order 
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C 8830 Handheld Pack 
C 8832 Beltpack Pack 


A 2651 





Ideal size for 
bands, 
theatre & 
small venues. 





32 Channel UHF Wireless Mic Systems 

A complete wireless mic system with your choice of 
handheld or beltpack mic. © Plugs into existing PA systems 
* Crisp vocal reproduction * Ideal for clubs, restaurants & 
wedding ceremonies. Up to 70m range. Additional 
transmitters sold separately. 


6 Channel Mixer With USB Playback 
Featuring USB/SD card playback with easy to use controls. All 
channels feature balanced XLR, unbalanced 6.35mm, insert 
inputs, high/mid/low adjustment, pan & gain effects level. 
Channels 5 & 6 are combined on the one fader/controls. 


With remote control from your iOS or Android device. 









A 2696 


Access over 14,000 internet radio stations from your home hi-fi! 
This stylish wireless internet radio player will perfectly compliment your existing AV system. It provides you 
with access to DAB+ digital radio stations, plus virtually any internet station or podcast via wireless internet 
(no PC required!). Plus it can stream music stored on your PC via UPnP. Size: 430x90x285mm. 






Fully compliant 
with the new UHF 
frequency range! 
Clear & natural 
sound reproduction. 


C9045 





Okayo® 40W Compact 
Lightweight Over Ear Portable PA Systems PA Models Model Normally 
Headphones Address a crowd of up to 150 people . Basic PA C7310 $450 


A great pair of commuter headphones with 
semi-open design offering excellent noise 
isolation and low noise leakage. 


without the need to shout - sets up UHF PA C7312 $625 
instantly for use over the shoulder, or  YHF MP3PA C7314 $720 
on a speaker stand. Provides 4 hours 
of use without the need for mains 
power! Excellent music & speech 


Transmitters Model Normally 
Handheld Mic ©7315 $179 


New design! re i ith wi 
E production. Works with wired or 
Stylish and UHF wireless mic. Weighs just 3.6kg! Raper CLSI6 iat ee 
153W x 246H x 333Lmm. lapel Mic C7324 $49.95 


functional. 






Great for long 
distance 
Desktop Monitor | cable installs. 

Brackets 

Available in single 
and dual head to suit 
monitors using 
100x100 VESA mount 
up to 8kg in weight. 
Height adjustable up 
to 510mm above 
desk. 





A3217A 


Dual Input 2x15W Amp 
A great way to power a pair of 
speakers without the bulk of a big 
hifi amplifier. 3.5mm audio or 
6.35mm mic inputs. 2x15W RMS 
@ 4 Ohm. Includes power supply. 


HDMI & IR Cat6 Balun Extender 
Allows a 1080p HDMI source to be 
connected to a screen up to 50m away 
without sacrificing signal quality. Includes IR 
target & emitter for operating equipment 
remotely. Power supply included. 


ALTRONICS 


BUILD IT YOURSELF ELECTRONICS CENTRE 


H 8220A Single H 8222A Dual 


Phone: 1300 797 007 
Fax: 1300 789 777 


Hotlines: www.altronics.com.au 








Ask about our 
handy work 
stands to suit! 


Super Bright Outdoor LED Floodlights. 

This new range make great work lamps for renovators, or simply 
adding a light to the back of your ute or service van for when you 
need it! All metal construction, fully sealed and weatherproof. 


Type Part 
10W 12V DC (115 x 135 x 84mm) X 2310 
20W 12V DC (182 x 158 x 105mm) X 2316 
50W 240V AC (288 x 238 x 150mm) X 2318 






New 
movement | 
activated 
models! 


Movement Activated LED Security Lights. 
Add peace of mind for your family with this range of PIR 
activated floodlights. Great for the driveway or backyard. All 
metal construction, with IP54 weather resistance. Must be 
connected to mains & installed by a licensed electrician. 


Type Part 
10W 240V AC (115 x 135 x 84mm) X 2340 
20W 240V AC (115 x 135 x 84mm) X 2344 
50W 240V AC (182 x 158 x 105mm) X 2346 


Add atmosphere 

to your back yard! 

This 20 watt RGB floodlight 
can produce a huge array of 
colours and lighting effects. 
Fully weatherproof IP65 rated. 
Fitted with 240V mains plug. 
182W x 140H x 105Dmm. 


Great party light! 
X 2352 


Brilliant Battery 
Powered Portable 

10W Work Light 

LED floodlamps coupled with a 
rechargeable battery offering up 
to 6 hours use away from mains 
power. Includes work stand, car 
charger & plugpack. Great for 
work sites & service vans. 


ALTRONICS 


BUILD IT YOURSELF ELECTRONICS CENTRE 








Stock up the work bench & save! 








he = _ T2630 Iron & Cartridge. 


125W Iroda Portable Gas Cartridge Tool 


* Powered by refillable butane cartridge * Totally wireless operation - No 
need to run extension leads * Super tough design will last for years 

¢ Easy to light, one-click piezo ignition 
* High reliability long life tips * Blow torch —_ 
& soldering iron in one * 2 year warranty 










T 2631 


This kit version of the T 2630 Full Kit 


includes hot air tip, heat deflector, 
additional gas cartridge, solder, 
sponge and hard carry case 

(T 2631). Powers on for up to 4 
hours from a full tank of gas! 






Was $189! Save 34% 
See Inside Walls, Pipes & Conduits... 


Great for accessing difficult spots such as wall cavities, ceiling 
spaces, pipework & industrial machinery. Screen fitted with re-charge- 
able battery (charger included). Requires 4xAA batteries for camera. 


= 30pc Precision Driver Kit 
An aluminium driver with rotating 

ferrule top for easy servicing of 
precision high tech devices and 
comms equipment. Includes 
70mm extension bar and 28 x 
4mm hex bits. See website for 
full list of bits. 





T 2173 


Proskit® 9 in 1 Multi Tool 
A premium multitool, perfect for 
hikers, campers. Or just keep it handy 
in the glovebox for when you need it. 
Supplied with beltpouch. 






T 2284 


Every crimp tool you'll 
ever need in one kit! 
With 10 sets of magnetic 
jaws to suit all manner of 
plugs, including; insulated 
kwik crimps, uninsulated 
lugs, telephone spade lugs, 
shoelace ferrules, RG58, 
RG59 RG62 and RG6 coax 
crimps D-Sub pins and 4,6 


and 9 pole RJ plugs. Changes 
Check out the YouTube Jaws in 
seconds! 


video online. T2178 


High Luminance 
LED Magnifying 
Lamps 

Ultra-bright long life LED 


for fantastic clarity (plus 
no need to change a globe 






- EVER!). Let “gadget” be NO MORE 
your eyes. Identify those EYE STRAIN! 
impossible to read miniature —— 
components. Great for stamp 

& coin collectors; model Fispect 





makers, jewellers etc. Fully 


adjustable ball joint head. Gaggsee 


cS 
X 4204 3 Dioptre X 4205 5 Dioptre 


T 2171 





Proskit® 22pc Palm Ratchet Driver Set 

A ratchet wrench designed for working in tight spaces. 
Fits in the palm of your hand, or use with the optional 
wrench handle. Includes a variety of tips and sockets. 





4 Piece Pick & Scribe Set 
All metal with sharp hooks, Great for ‘adjusting’ PCB 
tracks, marking panels & removing spring washers. 


X 0430 





3.5x Handheld Magnifier 
10 dioptre lens with two LEDs for a clear view. Requires 
3 x AAA batteries. 





225mm Long Nose Locking Pliers 
Adjustable locking plier grips made from drop forged 
steel. Like a second pair of hands! 





A must 
have for the 
toolbox! 






T 2341 


Handy Magnetic Pickup Tool With LED 
Retrieve parts in tight spots. 500mm flexi-gooseneck 
with an LED light & magnetic tip. Includes batteries. 





Our Build It Yourself Electronics Centres... 


» Balcatta WA: 7/58 Erindale Rd_» Cannington WA: 6/1326 Albany Hwy 
» Perth WA: 174 Roe St » Auburn NSW: 15 Short St» Springvale VIC: 891 Princes Hwy 
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Contact Free IR Digital Thermometer 
Professional accuracy for an amazing price. Ideal for 
measuring whilst equipment is operating. 0.1° accuracy 
from -20°C to 270°C. Includes batteries. 


‘Contact Free’ IR 
Digital Thermometer 


Lightweight, “point and shoot” 
temperature measurement. 
Provides accurate readings 
between -35 and 800°C from a 
distance. Ideal for measuring 
in dangerous places, or when 
equipment is operating. 

12:1 resolution. 300ms 
response. 1% accuracy. 
Includes carry case. 





Amazing True RMS Meter 
for under $30! 

An affordable true RMS digital 
multimeter for the enthusiast or 
technician. The benefit of true 
RMS is increased accuracy when 
measuring ac voltages. Packed 
with other features too, including 
a 2MHz frequency counter, 





WESTERN AUSTRALIA 
Esperance _ Esperance Comms 
Geraldton 

VICTOR 
Bairnsdale 


(08) 9071 3344 
(08) 9965 7555 




























Bairnsdale Electrics (03) 5152 3201. 
Be Connec 3) 9768 9420 
Bendigo ___|Interact Us (03) 5444 3000 
c Top End Technology (03) 5472 1700_ 
Clayton Rockby Electronics (03) 9562 8559 
Cranbourne _ Bourne Electronics (03) 5996 2755 
Croydon __ Truscott's Electronic World _(03) 9723 3860_ 
Geelong Music Workshop _ (03) 5221 5844 
Healesville ile (03) 5962 2763 


Hoppers Crossing _Leading Edge (03) 9931 0845 





Motorised 

4 in 1 Robotics Kit 
Assemble 4 different robot designs 
which teach kids about geared 
movements in a practical and fun 
way! Requires 1xAA battery. No 
soldering required. 


6 in 1 Solar Recycler Kit 

Uses common household items like soft 
drink cans and old CDs to create fun and 
interesting solar powered designs. Build a 
robot, steam roller, CD racer, bottle yacht 
and more! No soldering required. 


Preston _ 
Rosebud 


Somerville _ 


Wodonga Exact Com 
TASMANIA. 


K 1123 gos Ro nas re 
Bowen Hills ___Prime Electronics _ (07) 3252 7466. 


Caloundra LESC 





K 2204 





A great starter option for the kids _____Delsound _ (07) 3397 8155 


: : Fortitude Valley Design Data (07) 3854 1588 

i i T44in1 Solar Robot Kit; (©2000 —— — 

Patt Electromes Lab ee. ace Gold Coast___Prime Electronics _(07) 5531 2599 
Contains everything you need to uild a robot, t-rex dinosaur, drill vehicle . : 

and rhino beetle. Performs different Hewes ay ___Uitra Music _(07) 4128 2037 





build a range of electronic projects 


movements when placed in the sun. 
A great intro to solar power and 
electronics. No soldering required. 


to encourage learning about 
essential principles. Requires 
2 x AA batteries. 


capacitance up to 2000yF, 
data hold, auto power off 
and an easy read 2000 
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A must have for the 820 


servicing workbench 


UNI-T® True RMS Benchtop 

DMM Datalogger 

Ideal for service departments & circuit development. 
Provides true RMS measurement & datalogging. 240V or 
battery powered (6 x C Cells). © In-built stand/handle 

* 10A AC/DC © Freq. to 50MHz * Temp -40°C to 
1000°C * Software, temp probe, PC USB/serial leads 
included * 2 year warranty. 


Autoranging DMM 
with non-contact 
detection. 

No need to switch ranges all the 
time! Includes a non-contact 
voltage detector for identification 
of live wires. An affordable, 
versatile meter designed 
for the electronics 
enthusiast or handyman. 
20A current range. Data 
hold. Backlit LCD. 
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projects in 

the one unit! 
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300 in 1 Spring Terminal Electronics Lab Kit 

The ‘Rolls-Royce’ model with all the bells and whistles. Teaches you about electronics 
from A to Z. You will learn about electronic parts, how to read schematics, and wiring 
diagrams. All this, while building up to 300 projects. Provides many hours of tinkering 
- a great way to gradually build on your knowledge. Requires 6 x AA batteries. 


Oak Flats Electronics _ (02) 4256 6120. 


Fordray Electronics _(02) 6362 9901. 
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Force Electronics (08) 8377 0512 
Robotic Arm & Claw Kit 
A great introduction to basic robotics. 
Includes five motors allowing base 
rotation, shoulder, elbow and wrist motion, 
plus claw for picking up objects (up to 
100g). Includes wired controller. 


‘Follow Me’ Robot Kit 
Uses four inbuilt microphones to 
detect sound (such as a hand 
clap) and moves toward it. No 
soldering required. Requires 4 x 


a Force Electronics 


idyll How 
Mount Barker Home of 12 Volt 
NEW ZEALAND 
Christe 


Christchurch - Shirley 





Global PC +64 3 3543333 


Please Note: Resellers have to pay the cost of freight and 
insurance and therefore the range of stocked products & prices 
charged by individual resellers may vary from our catalogue. 


Mail Orders: C/- P.O. Box 8350 Perth Business Centre, W.A. 6849 
© Altronics 2014. E&OE. Prices stated herein are only valid for the current month or until stocks run out. All prices include GST and exclude freight and 
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you can never lay your hands on 
the particular resistor or capacitor 
you need. 

You may be developing a new cir- 
cuit, repairing an old one, tuning or 
tweaking equipment, testing test gear 

. whatever you're doing, circum- 
stances will conspire to ensure that 
the one component you need is the 
one that you don’t have. 

That’s when a resistance substitu- 
tion box or capacitance substitution 
box can get you out of trouble. 

Of course, it’s not a permanent 
‘fix’ — it’s one that tells you what you 
need to buy at your next available 
opportunity. 

The beauty of using a true resistance 
or capacitance substitution box is that 
the good ones give you a far greater 
choice of R or C than even discrete 
components do. So if your circuit 
needs, say, a 3,480Q resistor, you can 
provide it. 

You can also tell ifa3.3kQ would do 
the job or if you need to go to a tighter 
tolerance. (Incidentally, you can get 
3,480Q in the E48 series or above). 

In our April 2012 issue, Jim Rowe 
described a very handy Resistance 
Substitution Box, capable of ‘dialling 
up’ any one of a million resistance 


I often seems to be the case that 
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, with parallel and series R€ output 


a As any engineer, technician or advanced hobbyist will tell you, a 

_ resistance substitution box can save a lot of tears and angst. Same 

- comments apply to a capacitance substitution box. Here’s one that 
combines both resistance and capacitance in one box — and you can 
_ choose either resistance, capacitance or a combination of both — and 
that combination can be in series or parallel. 


values between 10Q and 10MQ. 

A couple of months later, in July 
2012, Nicholas Vinen presented a 
Capacitance Substitution Box, which 
similarly allowed you to dial up virtu- 
ally any capacitance between about 
30pF and 6uF. 

Altronics have taken this concept 
one step further again, with a com- 
bined Resistance AND Capacitance 
substution box. With a range of 19 to 
999,999Q and 100pF to 9.99999)F, it 
covers the vast majority of resistors 
and capacitors that you’d normally 
need in any service, development or 
troubleshooting work. 

Both the resistance and capaci- 
tance sections of the box can be used 
independently via their own pairs of 
terminals but can also be connected 
in series or parallel by means of a 
3-position slide switch. 

The combined RC network is again 
brought out to another pair of termi- 
nals. 

The result is a versatile RC box 
that is more useful than two separate 
boxes. 

It’s also smaller than our previ- 
ous substitution boxes by dint of the 
use of a pair of six-way, ten-position 
thumbwheel switches to select the R 
or C value required. 










It’s mounted in a sealed ABS enclo- 
sure with an overall size of 145 x 105 
x 65 (d) mm, with the top-mounted 
binding posts adding another 16mm. 


Residual capacitance 


You may be wondering why the 
minimum capacitance setting in this 
new box is 100pF when it’s easy to get 
lower values, down to 1pF. 

The reason is simple: residual 
capacitance. When everything is 
installed on the PCB, even with all 
care taken to minimise stray capaci- 
tance on the PCB, connecting wires, 
switches and terminals, the residual 
capacitance is bound to be a lot more 
than 1pF. 

Hence, the residual capacitance in 
the box is about 20pF. 

You will need to mentally add this 
value to any low value of capacitance 
you select, up to about 500pF; above 
that, the difference is likely to be 
swamped by the 10% tolerance of the 
switched capacitors. 


Residual resistance 

Similarly, although the lowest 
selectable resistance value is 19, the 
residual resistance in the switches, 
terminals, PCB tracks and intercon- 
necting wiring amounts to about 1.39. 
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If that sounds like a lot, consider 
that there are six thumbwheel switch- 
es, one slide switch and umpteen 
solder connections to the wiring in 
the Resistance Selection and you can 
see that just a few milliohms in each 
connection can easily add up to one 
ohm or more. 

So again, when you are selecting 
low resistance values, you will need 
to mentally add 1.3Q to any value 
below about 1009. 

Above that value, the 1% tolerance 
of the switched resistors becomes a 
dominant factor in the actual resist- 
ance value. 


The circuit 


The full circuit of this Resistance 
& Capacitance Substitution Box is 
shown in Fig.1 overleaf. 

It basically consists of six switched 
banks of resistors and capacitors. The 
resistance and capacitance sides of 
the box are independent of each other 
until specifically connected together 
by the 3-position slide switch S1. 

First of all, we’ll look at the resist- 
ance side. The box works by switching 
resistors in series. Each switch posi- 
tion adds in another resistor. 

Because there are ten positions 
on each thumbwheel switch, they’re 
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in the sequence 1, 2, 3, 4, 5 etc. 

So on switch one, position one 
you’d have one ohm between the 
resistance terminals; position two 
switches in another one ohm resis- 
tor for two ohms, position three yet 
another for three ohms, and so on. 

This is repeated with the other five 
switches which, in turn, work with 
109, 1002, 1kQ, 10kQ and 100kQ 
resistors. 

So with all switches in position ‘9’, 
you would have 9 x 100kQ (900kQ) 
plus 9 x 10kQ (90kQ) plus 9 x 1kQ 
(9kQ) plus 9 x 100Q (900Q) plus 9 
x 10Q (90Q) and 9 x 1Q (9Q), all in 
series. Add those all up and you have 


This truth table 
shows how the 
binary-coded- 
decimal switch 
brings in the 
capacitors con- 
nected to the 
1,2,4&8 term- 
inals. Position 
5, for example, 
connects the 
capacitors on 
terminals 1 
and 4. 





called ‘decade’ switches —they switch 








999,999Q (plus the 1.3Q of residual 
resistance, of course). 

The resistance set by the thumb- 
wheel switches is made available at 
the top set of red and black terminals. 


Capacitance Switching 

Capacitance selection is done a 
little differently, using binary-coded 
decimal (BCD) switches to achieve a 
similar result with fewer components, 
saving both space and money (larger 
capacitors tend to cost more!). 

And remember that we are switch- 
ing capacitors in parallel (not series, 
as with resistors) to obtain larger and 
larger capacitances. 

Connected to the 1, 2, 4 & 8 ter- 
minals of the BCD switches are a 
combination of parallel-connected 
capacitors. 

Looking at the ‘100pF’ switch, a 
100pF connects to the ‘1’ terminal, a 
pair of 100pF (ie, 200pF) connect to 
the ‘2’ terminal, a 180pF and 220pF 
(ie, 400pF) connect to the ‘4’ terminal 
while a 330pF and 470pF (ie, 800pF) 
connect to the ‘8’ terminal. 

Now the BCD coding comes into 
play. Have a look at the BCD ‘truth 
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BINDING 


\ 
R e 
R © 
Cc @ 
Cc e 
I 
1: R & CIN PARALLEL 
2: R & CIN SERIES 
RC © 
3: USE R OR C 
INDEPENDENTLY 
RC (O 


RESISTOR — CAPACITOR SUBSTITUTION BO 


table’ above. In this, ‘0’ means no con- 
nection while ‘1’ means a connection. 
This is all arranged by switch contacts 
within the BCD switch. 

Remember that capacitors in para- 
llel add together, so with the ‘100pF’ 
switch in positions 1 or 2, you get 
100pF and 200pF, respectively. In po- 
sition 3, the switch connects terminals 
1 and 2 together, to give you 300pF. In 
position 4, you get 400pF, position 5 
connects terminals 4 and 1 together to 
get 500pF, position 6 connects termi- 
nals 4 and 2 together (600pF) while 7 
connects 4, 2 and 1 together (700pF). 






There are 
two sets of six 
thumbwheel switches, 
one set of BCD switches for the 
capacitors, the other a decade set for 
the resistors. The six switches click 
together and are held in position by 
end plates, as shown here. 
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NOTE: THIS 
WHERE THE VOLTAGE RATING OF CAPACITORS (50V), OR THE VOLTAGE 
AND/OR WATTAGE (0.6W) RATINGS OF RESISTORS MAY BE EXCEEDED 


Position 8 has only the 800pF con- 
nected to it while position 9 connects 
8 and 1 to give 900pF. 

The second, or xinF switch, has 
slightly different values but they 
equate to the same thing — 1nF on 
terminal 1, 2nF on terminal 2, 4nF 
on terminal 4 and 8nF on terminal 8. 
Similarly, the third, or x10nF switch, 
with the 1, 2, 4 & 8 units. 

The end result is the same —a maxi- 
mum of 9.99999uUF at the Capacitance 
(centre) terminals when all capaci- 
tance switches are in the ‘9’ position 
(not forgetting the residual capacitance 





eeee eee eeoar 
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Ps 





Here’s how to tell the switches apart: 
on the decade switch PCB, each switch 
position has a single track brought out 
to the rear connector. The BCD switch 

has a more intricate PCB track pattern. 








SUBSTITUTION BOX MUST NOT BE USED ON ANY CIRCUIT 


that we mentioned). 


Series/parallel RC 


The 3-position slide switch S1 con- 
nects the resistance and capacitance 
sections in series or parallel and the 
resultant RC network is connected to 
the third set of terminals, coloured 
green and yellow to distinguish them 
from the R and C terminals. 

So if you’re working on a project 
(or perhaps repairing a device) which 
uses an RC time constant (such as a 
timer, frequency generator, filter or 
even a radio circuit) you can easily 











The six BCD 
switches (for 
the capacitors) 
each have a 9-way 
header socket 

attached (only five pins 
are actually used). The capacitor 
PCBs plug into these sockets. 
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Fig.1: the circuit consists of the various thumbwheel switches bringing resistors and capacitors into circuit. 
At left, a 3-position slide switch allows series, parallel or independent connection. 


achieve this by setting the R and C to 
their appropriate values and moving 
the slider switch to either the series 
or parallel position, depending on the 
circuit requirements. 

Here’s where one of the really handy 
features of this RC box emerges: if 
the time constant or frequency is not 
exactly what you're after, it’s simply 
a matter of turning the thumbwheel 
switches to achieve the desired result. 

No more unsoldering and resolder- 
ing components... just dial up and go! 

When you have got exactly what you 
need, simply read the values of R and 





There are two SMD boards which 
hold the larger value capacitors. All 
of the capacitors are identical on their 
respective PCBs. 
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C from the switches, select the same 
value components and finish/repair/ 
calibrate/etc your project! 

As you can see, an RC box is a pretty 
handy device to keep on your work- 
bench or service toolbox —and this one 
is the handiest we’ve seen. 


Construction 


First step is to assemble the two 
thumbwheel switch sets. They look 
quite similar, so make sure they’re not 
mixed up —the BCD switches have five 
terminals, while the decade switches 
have ten. 





Four PCBs hold the through-hole 
capacitors and are mounted side- 
by-side. Use this photo as a guide to 
capacitor placement. 








There are seven small PCBs used 
in this project, six of which hold the 
various capacitors and attach to the 
back of the BCD switch bank. 

Four of these seven are identical 
and hold the through-hole capacitors. 
The other two boards, also identical, 
hold the 1pF and 10uF capacitors 
which are all surface-mount devices 
(SMDs). If you’re wondering why 
SMDs were used on these boards, it’s 
because through-hole versions simply 
wouldn’t fit — apart from the fact that 
they cost more! 

The final board is basically a termi- 


And here’s the view from the opposite 
side, showing the six header pin sets 
underneath which plug into the BCD 
thumbwheel switches. 
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ALL RESISTORS SOLDER DIRECTLY TO THEIR RESPECTIVE THUMBWHEEL DECADE SWITCH TERMINALS 








ALL CAPACITOR BOARDS MOUNT ON THEIR RESPECTIVE THUMBWHEEL BCD SWITCHES 
VIA HEADER PIN SETS ATTACHED TO COM, 1, 2,4 &8 


Fig.2: the component layout shows how the resistors and capacitors are mounted — follow this, in conjunction with the 


photographs, when assembling your Resistance/Capacitance Substitution Box. 


nation point for the slider switch pins 
(which mounts on it) plus the various 
flying leads to the other PCBs and to 
the six terminals. 

The resistors (and there are 54 of 
them!) all mount directly to the termi- 
nals of the decade switch bank (these 
terminals are actually small PCBs but 
we haven’t counted them as they are 
part of the switches). Nine 1Q resistors 
mount on the first switch, nine 10Q on 
the second and so on up to the nine 
100kQ on the sixth bank. 

This is quite fiddly work as the nine 
resistors all solder in a tight parallel 
arrangement, with one lead soldered 
to the switch contact and its other 
lead crossing over to the next switch 
contact. The wrinkle here is that the 
next resistor in the string also has one 
lead soldered to the same pad, so you 
have to ensure that you don’t unsolder 
one as you solder the other! 

Our close-up photo at left shows the 
resistor thumbwheel completely as- 
sembled so you can see what we mean. 

Once you get the hang of it, it’s not 
that difficult —just tedious. One down, 





All resistors mount on the back of 
the thumbwheel switches in series, 


with the switches themselves also 53 to go. Two down, 52 to go... 
connected in series thence back to the These boards are all connected in 
3-way switch and output terminals. series: each of the six ‘finish’ terminals 
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connects, via a short length of hookup 
wire, to the ‘start’ terminal on the next 
switch. The ‘start’ terminal of switch 
one and the ‘finish’ terminal of switch 
six connect back to the main termina- 
tion PCB mentioned earlier (and which 
we'll come to shortly). 


Capacitors 


As we mentioned earlier, two differ- 
ent types of PCBs hold the capacitors. 
There are four which secure to the BCD 
switches 1-4 (100pF, 1nF, 10nF, 100nF) 
and hold traditional (ie, through hole) 
capacitors from 100pF to 470nF. The 
final two boards (1uF and 10uF) are 
for SMD (surface-mount device) 1pF 
and 10uF capacitors. 

The four boards mount horizontally 
while the other two (ie, the 10uF and 
1uF boards) mount vertically. The 
main reason that different boards are 
used for the larger-value capacitors is 
that through-hole components over 
1uF (and especially the 10uF) are too 
large to mount on the boards so they 
can fit on the switches. 

Once again, assembly isn’t too dif- 
ficult but is complicated a little by the 
use of SMDs. However, these devices 
are being used more and more these 
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days (in fact, many components are 
no longer available in through-hole) 
so you'd better get used to them! 

For more detail on the use and sol- 
dering of SMDs, refer to the articles 


on the subject in the March 2008 and 


December 2010 issues — both available 
online at siliconchip.com.au 

Fortunately, all SMDs on each board 
are identical — there are 15 1u1.F capaci- 
tors on the 1uF switch board and 15 
10uF capacitors on the 10uUF switch 
board. Just don’t get the 11 F and 10uF 
types mixed up because they do look 
similar although the 10uF capacitors 
are somewhat larger. SMD capaci- 
tors normally do not come with any 
markings. 

Speaking of mixups, the other four 
boards are not quite so simple because 
there is some difference in the compo- 
nent position, not to mention that the 
component values are all different. 
Take your time and refer to both the 
photographs and to the component 
overlay diagrams. 

Unlike the resistance PCBs, all six 
of the capacitance PCBs connect in 
parallel — all the ‘A’ terminals are con- 
nected together, as are all the ‘B’ ter- 
minals. The four horizontal boards are 
connected with short loops of tinned 
copper wire — the offcuts from the 
resistor leads are ideal. They should 
be butted up to each other. 

The two vertical-mounting boards 
have short lengths of tinned copper 
wire which connect the two boards 
together (A to A and B to B) and then 
‘jump across’ to join onto the A and 
B positions on the horizontal boards. 
The close-up photo will show this 
more clearly. 

All six boards ‘plug in’ to header 
sockets which in turn plug in to mat- 
ing pins on their respective BCD rotary 
thumbswitches — connecting COM to 


“component” on 

the terminal board is the 

3-way switch. All other points connect 
to the thumbwheels or terminals. 
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Parts List - 


Resistor-Capacitor 
1 Termination/Switch PCB, Coded K7520A, 


Substitution Box 


28 x 35mm (Altronics) 


4 Through-hole capacitor PCBs, Coded K7520B, 35 x 8mm (Altronics) 


2 SMD Capacitor PCBs, Coded K7520C, 35 


X 16mm (Altronics) 


1 ABS Case, 145 x 195 x 65mm, punched and printed (Altronics Cat HO307/K7520) 
6 Thumbwheel decade switches (0-9) (Altronics Cat $3302) 

6 Thumbwheel BCD switches (0-9) (Altronics Cat $3300) 

2 Pairs end caps for thumbwheel switches (Altronics Cat $3305) 

1 4-pole, 3-position slider switch (Altronics Cat $2033) 

2 40-way pin headers (Altronics Cat P5430) 

2 Header pin sockets, 40 pin, 90° (Altronics Cat P5392) 


8 Machine screws, M3 x 6mm 

4 M8 threaded stand-offs, 12mm 

1m hookup wire (or mini fig-8) 

Tinned copper wire (if required) 

2 short lengths (~50mm) ribbon cable 


Capacitors 
15 10uF 50V SMD 
15 1yF50V SMD 
1 470nF 100V MKT 
1 330nF 100V MKT 
2 150nF 100V MKT 
100nF 100V MKT 
47nF 100V MKT 
33nF 100V MKT 
22nF 100V MKT 
18nF 100V MKT 
10nF 100V MKT 
4.7nF 100V MKT 
3.3nF 100V MKT 
1.5nF 100V MKT 
1nF 100V MKT 
470pF 50V ceramic 
330pF 50V ceramic 
220pF 50V ceramic 
180pF 50V ceramic 
100pF 50V ceramic 


Resistors (1% metal film, 0.6W) 
9 100kQ 
9 10kQ 
9 1kQ 
9 1002 
9 10Q 
9 10 


> 


OC =) tt et st NS st se es 


COM, 1 to 1, 2 to 2, 4 to 4 and 8 to 8. 


Termination Board 


This PCB not only provides an an- 


chor point for the wires coming from 
the resistance and capacitance board 
assemblies and going to the six bind- 
ing posts (terminals), it also provides 
a mounting point for the two-way, 
three-position switch which selects 
between isolated R & C, series R&C 
or parallel R&C 


The switch mounts on the conven- 


CODES: pF Value 


IEC Code _ EIA Code 
101 106 
110 105 
470n 474 

0.33 330n 334 
0.15 150n 154 
0.1 100n 104 

0.047 47n 473 

0.033 33n 333 

0.022 22n 223 

0.018 18n 183 

0.010 10n 103 

0.0047 4n7 472 

0.0033 3n3 332 

0.0015 1n5 152 

0.001 1n0 102 
e 470p 471 
= 330p 331 
. 220p 221 
= 180p 181 
. 100p 101 


10uF 
1uF 
0.47 


(Code brown black black orange brown) 
(Code brown black black red brown) 
(Code brown black black brown brown) 
(Code brown black black black brown) 
(Code brown black black gold brown) 
(Code brown black black silver brown) 


NOTE: only 1% (5 band) 
or better resistors 
should be used for this 
project to avoid errors. 





tional side of the board (it will only go 
in one way) and the board then mounts 
upside-down on four 12mm pillars via 
6mm M3 screws. 

This method enables the switch ac- 
tuator to poke through the front panel 
at the right height. 

The various wires (ten of them, or 
five lengths of Fig.8) solder to the ex- 
posed copper side of the PCB. 

Using the photos as a length guide, 
cut the wires to appropriate lengths, 
bare and tin both ends and solder the 
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Finally, here’s the completed 
project, all mounted inside 
the lid of the case. It has the 
capacitor switching at top : 
left, resistor switching at lower 
left, through/parallel/series 
switch on its PCB at top right 
and the terminals down the 
right side. 


six solder lugs (which came 
with the binding posts) to 
one end. Fit the binding 
posts to their respective 
wires. 

The opposite ends are 
now soldered to the PCB — 
make sure you get the right 
ones in the right place. 

The remaining four wires 
(or two Figure-8s) solder 
to the ‘A’ and ‘B’ positions 
on the resistance and ca- 
pacitance boards, as per 
the layout diagram and 
photos. 


The case 

If you’re putting this together from 
the Altronics kit (K7520) it will come 
with the case already punched and 
drilled for the thumbwheel switches, 





























MicroMite 


Which one do you want? 


They’re the beginner’s computers that the 
experts love, because they’re so versatile! 

And they’ve started a cult following around the 
world from Afghanistan to Zanzibar! 

Very low cost, easy to program, easy to use — 
the Maximite, miniMaximite and the Micromite 
are the perfect D-I-Y computers for every level. 
Read the articles — and you'll be convinced . . . 


You'll find the articles at: 


siliconchip.com.au/project/mite 
Maximite: Mar, Apr, May 2011 
miniMaximite: Nov 2011 
Colour MaxiMite: Sept, Oct 2012 
MicroMite: May, Jun, Aug 2014 
plus loads of Circuit Notebook ideas! 


PCBs & Micros available from PartShop 
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parallel/series switch, binding posts 
and screws — and the top of the case 
will also be printed, as per our photos. 


Checking it out 

Give your project the once-over, 
checking for bad solder joints, mis- 
placed components, etc. 

Checking the individual ‘R’ and ‘C’ 
functions is delightfully easy: switch 
the series/parallel switch to ‘off’ (ie, 
fully left) and connect your multimeter 
on the appropriate range (R or C) to the 
appropriate substitution box terminals 
(R or C) and switch through the ranges 
with the thumbwheels. 

Apart from the ‘000000’ settings (or 
even very low ohms or capacitance), 
you should find the multimeter reads 
the same, or at least quite close to, as 
what your thumbwheels say — other- 
wise, you've got a problem! 

If you get no reading at all, it’s almost 
certainly an open circuit/dry joint in 
your soldering; if you get strange read- 
ings, it’s more than likely mixed-up 
components. 

As mentoned earlier, with all 
switches set to zero (on both R & C) it 
is normal to obtain very low readings 
— perhaps an ohm or so on resistance 
and maybe 20pF or so on capacitance. 
Residual C and R should always be 
taken into account when working with 
low settings. 

This applies to all RC substitution 











boxes, certainly not just this one! 

Checking the series or parallel RC 
is not quite so simple — probably the 
easiest way is to use a moving coil 
multimeter, set the RC Box to paral- 
lel and with your multimeter already 
connected to the binding posts and on 
its lowest DC value, switch the RC box 
to the highest R&C settings. 

You should see the voltage rise 
fairly quickly as the multimeter itself 
charges the capacitor. 

Change the box resistance toa much 
lower value and the voltage should rise 
much more quickly. Ifit does, you can 
be fairly confident that it’s working as 
it should. 

Of course, advanced hobbyists, tech- 
nicians or engineers would have much 
better ways to check this function but 
if you don’t have advanced equipment, 
you don’t have it! 


Where from, how much? 


This project was designed 
by Altronics Distributors, 
who retain the copyright on 
the PCBs. Complete kits 


are available from Altronics 
stores, resellers and via 
www.altronics.com.au for 
$119.95 plus p&p. (Cat K7520) 
This includes the pre-printed 
and punched case. 
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PRODUCT SHOWCASE 









Returning to the Powerhouse Mu- 
seum, Sydney, for its second year as 
part of the opening weekend of Sydney 
Design 2014, the Sydney Mini Maker 
Faire is on Saturday 16 to Sunday 17 
August. 

Maker Faire is a family-friendly 
showcase of invention, creativity and 
resourcefulness, and a celebration of 
the world-wide Maker movement, a 
place where people show what they 


Arduino-Programmable 
IR Webserver 


The KTA-294 IR 
Webserver from 
Ocean Controls 
has primar- 









designed 
P to allow 
i! FIR controlled 
y Air Conditioning 
units to be controlled viaa mobile 
internet enabled device. The IR Web- 
server can learn up to seven IR com- 
mands and transmit them on request 
via a web page interface, as well as 
displaying two temperatures from 
sensors, primarily intended for indoor 
and outdoor temperature display. 
Though designed for Air Condition- 
ing units, the device is not restricted 
to them and can learn IR commands 
with different protocols. A list of 
tested devices is included with notes. 
Source code for the IR Webserver 
is provided and can be modified by 
the user to work with a particular IR 
protocol. 
To enable control from outside a 
home network port forwarding must 
be enabled on the WAN router. 


ise Ave, Seaford Vic 3198 
5882 


Sydney Mini 
Maker Faire’ 


are making and share what 
they are learning. 

Maker Faires are primar- 
ily designed to be forward- 
looking, showcasing Makers 
who are exploring new 
forms and new technolo- 
gies. But it’s not just for the novel in 
technical fields; Maker Faire features 
innovation and experimentation 
across the spectrum of science, engi- 
neering, art, performance and craft. 


















Contact: 

Sydney Mini Maker Faire 

(@ Powerhouse Museum: 500 Harris St Ultimo) 
Tel (Maker Faire): (02) 9217 0370 


Website: www.makerfairesydney.com 


THE MUST-HAVE 
REFERENCE 
BOOK FOR 

EVERY 
WORKSHOP} 
OR SHED 


This 324 page 
technical book 
covers all you 
need to know 
about anything 
you need to do in your workshop with in- 
depth detailed explanations and step-by-step 
illustrations on many activities. 

So no matter what your profession or 
qualification, anyone can relate to this book 
as the technical information is written in a 
simple and easy-to-understand format. 

This is definitely not a book you read once; 
it’s a book you pick up and refer to when 
needing help or suggestions in pointing out 
hidden traps to look out for in that particular 
topic you want to know about. 

There are 64 categories covering work- 
shop setups, tools, measuring, fasteners, 
metal and wood working, welding, machining 
and plenty more, 

The price is only $39.00, available from 
all Hare & Forbes Machineryhouse branches 
— Sydney, Melbourne, Brisbane and Perth. 


Contact: : 

Hare & Forbes Machineryhouse 
1/2 Windsor Rd Northmead NSW 2152 
Tel: (02) 9890 9111 






Handy Wark 
Mi Tips & edd 


Control, §& 
locate and § 
protect r 
objects 


KCS_ Trace- 
ME GPRS/GPS & 
Modules enable 
you to remotely 
track and trace 
a variety of ob- 
jects, from small 
packages to cars, 
trucks, containers or ships. Its small, 
lightweight aluminium design makes 
it easy to install and together with the 
extended position logging, it’s ideal for 
use in fleet management, anti-theft and 
M?2M applications. 

The numerous I/Os allow monitor- 
ing and control of a range of external 
hardware, like cameras and iButtons. 


Contact: 
KCS Trade Pty Ltd 

13 Mons School Rd, Mons Qld 4556 
Fax: (07) 3319 7302 


Website: www.kes-trade.com.au 


Precise BroadR-Reach 
interface verification with 
R&S RTO oscilloscopes 
from Rohde & Schwarz 


Rohde & Schwarz has expanded the 
application field of the R&S RTO oscillo- 
scopes to include the testing of automo- 
tive Ethernet interfaces. In line with the 
OPEN Alliance test specification, the new 
R&S RTO-K24 compliance test software 
enables users to perform automated tests 
on BroadR-Reach Ethernet interfaces. 

BroadR-Reach technology makes it 
possible to combine multiple applications 
such as video streaming from rear view 
cameras and signal transmission from 
automotive radar systems to create a sin- 
gle, open and scalable Ethernet network 
inside the vehicle. 


Contact: 














Unit 2, 75 Epping Rd, North Ryde NS 
Tel: (02) 8874 5103 Fax: (02) 8874 
Website: www.ran 
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CURCUIT NOTEBOOK 


Interesting circuit ideas which we have checked but not built and tested. Contributions will be 
paid for at standard rates. All submissions should include full name, address & phone number. 





Temperature control with a fridge/freezer thermometer 


100k 









LDR* 


UST 
2N2646 


& *IN TOSLINK PLUG 








NOTE: ALL COMPONENTS 1 
& CIRCUITRY OPERATE AT 
MAINS POTENTIAL = — 





When growing seedlings under 
LED lights a heater may be required 
in cold weather to maintain the 
optimum temperature of 30°C, with 
a range of 27-32°C. In the humid 
conditions inside a growbox, a me- 
chanical temperature sensor is more 
reliable so a cheap fridge/freezer dial 
thermometer from eBay was used. 
This reads temperatures up to 50°C, 
so it is quite suitable for this purpose. 

The front cover is removed from 
the dial and a 2.4mm or 2.5mm hole 
drilled at the 30°C point. This hole 
should be small enough for the fer- 
rule of a Toslink cable to be a tight 
push-fit. Then a small black plastic 








BRIDGE 1 
800V 4A 










‘flag’ (a piece of heatshrink tube) is 
glued on the pointer with Superglue. 
The other end of the Toslink cable 
shines on a mini LDR. This LDR 
can be fitted inside a Toslink socket 
housing if the transmitter/sensor is 
removed. 

When the thermometer is posi- 
tioned under the LED light, the black 
flag will stop light from entering the 
Toslink cable when the temperature 
reaches 30°C. In fact, it will not be 
an abrupt on/off process and the 
pointer flag will more gradually 
block the hole until the light is com- 
pletely cut off. 

This action is used to control the 


contuibution 

QMAY THE BEST wii’ WIN! 
As you can see, we pay $88 for contributions to Circuit Notebook. 
Each month the contribution (at the sole discretion of the editor) 
receives a $150 gift voucher from Hare&Forbes Machineryhouse. 
That’s yours to spend at Hare&Forbes Machineryhouse as you see fit 
- buy some tools you’ve always wanted, or put it towards that big 


purchase you’ve never been able to afford! 


HAREREORBESS 
NMACHINERY HOUSED 


www.machineryhouse.com.au 





Contribute NOW and WIN! 
Email your contribution now to: 
editor@siliconchip.com.au 
or post to PO Box 139, Collaroy NSW 





Right: the gauge 
with the hole yy 20 
drilled for the | 
Toslink plug 
housing. 







Left: the 
_‘ gauge with 
_ the Toslink 
plug & black 
pointer flag 
fitted in pos- 
ition 


resistance of the LDR (at the other 
end of the Toslink cable) in the ac- 
companying phase-controlled SCR 
circuit. The change of resistance 
of the LDR alters the time constant 
which controls the triggering of the 
unijunction oscillator. Each time the 
unijunction is triggered it delivers a 
pulse to the gate of the SCR, turning 
it on for one half-cycle of the 50Hz. 
In practice, the SCR is turned on for 
progressively larger portions of each 
50Hz half-cycle as the pointer flag 
covers more of the LDR. 

The incandescent lamp or resis- 
tive heater load is connected in 
series with the mains voltage via a 
bridge rectifier. The complete circuit 
including the Toslink socket with 
the LDR can be installed in a small 
plastic project box which is outside 
the growbox. Note that all parts (in- 
cluding the LDR) operate at mains 
potential and must be fully enclosed 
in the plastic case. 

For larger lamp or heater loads, 
use a higher-rated diode bridge and 
mount the SCR on a suitable heat- 
sink. If you do not wish to occlude 
the LED lights, a light-pipe, second 
Toslink cable or separate single LED 
can be fitted over the thermometer 
to illuminate the region around the 
30°C mark. 

John Russull, 

Tottenham, UK. ($45) 
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Simplified 10V Precision 


Voltage Reference 


Not long after the 10V Precision 
Voltage Reference Mk2 was pub- 
lished in the March 2014 issue of 
SILICON CHIP we received emails 
from several readers, complaining 
about higher than expected current 
drain causing one of the batteries 
to go flat prematurely. This was 
because the timing oscillator in the 
4541B digital timing chip continues 
to run even when the chip has not 
been triggered, drawing a current 
of around 1mA from the lower 9V 
battery even when the device is 
nominally ‘off’. 

This drawback is not apparent 
from the 4514B data sheet (as far 
as we could see) and we tried a 
number of measures to to disable 
the timing oscillator when the chip 
is in the triggered state; none were 
successful. 

Ultimately, we have solved the 
problem by removing the 4514B and 
its associated timing components 
and using an RC network to provide 


RS232-to-TTL serial 
interface for the Micromite 


As described in recent issues of 
SILICON CHIP, the Micromite is a truly 
powerful embedded microcontroller 
running MMBasic. However, when 
using Tera Term to communicate 
with the Micromite you need a USB- 
to-TTL serial converter between the 
PC and the Micromite. 

This works well but the converter 
is quite expensive if purchased 
locally. If you have an older com- 
puter which has an RS232 output 
(eg, the COM1 port), you can fashion 
an RS232-to-TTL converter and use 
the COM1 port to communicate with 
the Micromite. 

The original article warns against 
using the RS232 port to connect 
directly to the Micromite. This 
is because the voltage levels and 
signal polarity are incorrect. The 
article indicates that a converter 
must be used. This item describes 
a simple converter which provides 
TTL signals with the correct voltage 
and polarity. 
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the timing period for Mosfet Q1. Pins 
6 & 8 of the vacant IC2 are bridged 
and a 47uF tantalum capacitor is 
connected between pins 7 & 8, anda 
2.2MQ resistor is connected between 
pin 6 and the OV line. 

The resistor and capacitor then 
form an RC time-delay circuit which 
keeps Mosfet Q1 biased ‘on’ for 


~ MICROMITE 


A MAX3232 chip anda few 100nF 
capacitors are all that are required. 
The diagram shows the RS232 TX 
and RX lines being converted to 
and from the Micromite TTL levels. 
Since the MAX3232 is powered 
from the same 3.3V supply as the 
Micromite, there is no mismatch in 
the TTL levels of the converter and 
the Micromite. 


BUZ71 OR 
IRF1405 


about 110 seconds after pushbutton 
switch S1 (Start) is released. The 
timing may not be a precise as pro- 
vided by the 4514B originally used 
but it does have the merit of zero 
current consumption when Mosfet 
Q1 turns off. 

Jim Rowe, 

SILICON CHIP. 


The converter needs no setting up 
and there are no drivers to install. 
When Tera Term is run, it automati- 
cally finds COM1. In the Tera Term 
SETUP menu, just configure COM1 
to 38,400 baud, 8 bits, no parity and 
one stop bit, as detailed in the May 
2014 article. 

Jack Holliday, 

Nathan, Qld. ($35) 
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2.5GHz 12-digit | 
Frequency Counter 
with add-on GPS accuracy 


Wow! 10Hz - >2.5GHz in two ranges; 

Tus - 999, 999s with a 12-digit LED display. 
It’s a world beater and it’s the perfect 
addition to any serious hobbyist’s bench - 
or the professional engineer, technician, 
in fact anyone who is into electronics! 
You'll find it one of the handiest pieces of 
test gear you could ever own and you can 
build it yourself. 


All the hard-to-get bits (PCBs, micros, 
LEDs, panels, etc) are available from 
the Siticon Cuip PartShop. 


You'll find the construction details at 
http://siliconchip.com.au/project/2.5ghz 
PCBs, micro etc available from PartShop 


Where clo you 
HAE chose 
HRD STO,GEM 

PARSy 


Many of the components used in 
SILICON CHIP projects are cutting-edge 
technology and not worth your normal 

parts suppliers either sourcing or 

stocking in relatively low quantities. 
Where we can, the SILICON CHIP 
PartShop stocks those hard-to-get 
parts, along with PC boards, 
programmed micros, panels and all 
the other bits and pieces to enable you 
to complete your SILICON CHIP project. 


SILIGON CHIP 
ParnTSHop 


www.siliconchip.com.au/shop 
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Simple measurement of capacitor 
leakage resistance 


Measuring DC leakage resistance of electrolytic capacitors can be dif- 
ficult due to the long charge times and the high impedances involved. 
DC leakage resistance becomes critical in high-impedance circuits where 
long RC time constants are required. This circuit is a simple method for 
roughly measuring high resistances. 

Briefly, it connects a DC supply in series with switched resistors (Rj) 
and the capacitor (C;) to be tested. A multimeter measures the voltage 
across resistor R; and when the measured voltage, Vip, has stabilised, the 
DC resistance of the capacitor is given by: 


R, = Rk (V+ Vy; - 1) = R{V + Vy since for any decent capacitor (and Ry 
value) V >> Vm. 


As an example, if V = 10V, V,, = 0.001 and Rt = 10kQ, then Re = 100MQ. 
If better accuracy is required then a known large value resistor can be 
used to calibrate the circuit. Any voltage source, V, can be used, provided 
it is less than the rated voltage of the capacitor under test. 

Switched resistors, Rt, are a set of small to large resistances, the small 
resistors being useful to rapidly charge the capacitor under test. V,, is 
the voltage measured across resistor Ry. C;, the capacitor under test, can 
be considered as an equivalent capacitor and resistor, Rg, in series. 

The set of resistors, Rj, can be chosen to give different convenient 
ranges for the meter measurement, Vy, but should be small enough so 
that the meter’s resistance and resultant shunt current (typically 10MQ 
for a digital multimeter) is not significant. One of these resistors should 
be small to rapidly charge large capacitors, eg, 1kQ. 

The accompanying table (Table 1) shows some results obtained from 
a number of non-polarised capacitors from different manufacturers. 
Polarised electrolytic capacitors tend to have higher resistances. 

Note that even with rapid charging of the capacitors, it can take a while 
for the voltage, Vj, to stabilise. 

Alan Wilson, 

Glen Iris, Vic. ($40) 


Table 1: Example Results 
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TO 
TELEPHONE 
UNE 


“VALUES SHOWN ARE FOR NOMINAL LINE 
AND RING VOLTAGES. MAY NEED 
ADJUSTING FOR INDIVIDUAL SITUATIONS 


NOTE: THIS CIRCUIT IS FOR PRIVATE LINE 
USE ONLY. DO NOT CONNECT 
TO THE PUBLIC TELEPHONE SYSTEM 


RING DETECTION 


D1-D8: 1N4007 








A K ZD1, ZD2 


BC547, BC557 
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Telephone status indicator 


uses two optocouplers 


This circuit is intended to detect 
both the RING and ON/OFF HOOK 
status ofa telephone line. In essence, 
it has two bridge rectifiers connected 
in parallel across the incoming tel- 
ephone line. The top bridge rectifier 
(D1i-D4) is for On-hook/Off-hook 
detection and senses the DC voltage 
across the line. The DC voltage from 
the bridge rectifier is filtered with a 
100nF capacitor and fed to a opto- 
coupler OPTO1 viaa voltage divider 
consisting of two 22kQ resistors. 

OPTO1 is connected in series 
with a 10V zener diode, ZD1. The 
resulting voltage must be sufficient 
to cause the infrared LED inside the 
optocoupler to light. This indicates 





that the phone is on-hook, ie, not in 
use. OPTO1 drives transistors Q1 & 
Q2 and these in turn drive Relay1. 
The resistors and diodes in the 
circuit mean that the telephone line 
voltage must be more than about 24V 
DC to indicate the on-hook condition. 
Typically, when the phone is off- 
hook (ie, being used), the line voltage 
will be less than 8V and so OPTO1 
and Relay1 will not be enabled. 
The second bridge rectifier (D5- 
D8) is coupled to the phone line via 
a470nF capacitor which means that 
it will only respond to the pulsed AC 
ring signal which can be 60VAC or 
more. The rectifier’s output voltage 
is coupled to OPTO2 via a resistive 





divider and a 10V zener diode, ZD2. 
In this case, the threshold is about 
68V DC which should be comfort- 
ably exceeded by peak voltage of a 
typical ring signal. 

The 1yF capacitor at the base of 
Q4 ensures that a typical ring signal 
will not cause Relay2 to judder but 
merely close when a ring signal is 
present. 

The supply voltage (Vcc) should 
be between 9-14V DC, to suit 12V 
relays. 

Mark O'Farrell, 

MacQuarie Fields, NSW. ($40) 


Editor’s Comment: this circuit should 
be used on private telephone lines 
only. Readers should note that it is 
illegal to connect a non-approved de- 
vice to the public telephone system. 


* [ssues entity bog-Eared? 
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Review by 
NICHOLAS VINEN 


This is the latest and greatest version of PEAK’s popular analyser 
and has been improved in several important ways. It now has a 
larger graphical LCD display, to show more information at one 
time and a USB interface which allows a PC running the supplied 
software to plot various curves for semiconductor devices. 


weight as the old DCA55 but it has significantly 
enhanced capabilities. 

In case you are not familiar with this series of Semicon- 
ductor Analysers, essentially what they do is, in seconds, 
identify the type and pinout of just about any two or 3-pin 
semiconductor device. 

For the new DCA75, that includes bipolar transistors, 
Darlingtons, Mosfets, IGBTs, JFETs, diodes, diode networks, 
LEDs, zeners, SCRs, Triacs and voltage regulators. 

It also gives some basic parameters for the device such as 
forward voltage, gain, Vpg, gate threshold, voltage, leakage 
current and so on tHepencing' on the pe of device hone 


T« new Atlas DCA75 is the same size, shape and 
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IcLeak=0,000mA, 


B 
* Base-emitter voltage drop is measured st | 
2 different base current to that used for 
| the gain measurement. 
|* Base-emitter voltage accuracy is typically | | 
| £156 +0.006V at @ current of typically | 


|5.0mA £1.0mA. if 
Ls if the hace.emitter altace ic lexs than) | 








Fig.1: with the DCA75 connected to USB, you can identify 
and measure components from your PC just like you would 
with the unit operating in standalone mode but the results 
are all visible at a glance. 
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analysed). If the device is faulty, such as having a short 
between two of the pins, the Semiconductor Analyser will 
tell you so. 

This type of device is certainly handy for servicing 
equipment since it lets you identify unknown or unmarked 
components (once they have been removed from circuit) 
and it also lets you check known types of semiconductors 
to see whether they are still functional and also whether 
their critical parameters are within specifications. 

Importantly, the order in which leads are connected to 
terminals does not matter, so it works well on unknown 
devices but also saves you the bother of having to look up 
the pin-out of known devices before a it poe The 
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Fig.2: the USB connection also allows graph plotting, which 
can’t be done otherwise. There are various curves for 
different semis, in this case we plotted Vcg against collector 
& base current for a bipolar junction transistor. 
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leads are colour coded and once the type of component 
has been detected, the unit indicates which colour lead 
connects to which terminal so you can see the correct 
pin-out at a glance. 

This type of device is also useful while developing and 
building electronic devices as it lets you not only check 
that the components you are fitting are fully functional but 
also helps to choose matched devices, if your application 
needs them. For example, this would be useful for matching 
output transistors in an audio amplifier or input transistors 
in a very precise test instrument. 

Having said that, the DCA Pro has some limitations, 
largely due to the fact that it is small, light and battery- 


BJT HFE / Ic 




















atlas DCA 


powered. When testing a semiconductor, after having 
identified it, it applies test voltages and currents to the 
various pins in order to analyse the device’s behaviour. But 
it can only really apply voltages up to 10-12V and currents 
up to about 10mA (depending on the test voltage), so can 
only characterise a limited range of the performance of 
high-current, high-voltage parts. 


Improvements 

This new Analyser can do everything the old one could 
do and more. 

For astart, it uses one standard AAA cell rather than a12V 
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Fig.3: another plot availble for bipolar transistors, this 
shows gain versus collector current at varying collector 
voltages. This is a good way to check a transistor’s small 
signal linearity. 
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Fig.4: plots available for Mosfets are naturally different 
from those with bipolar transistors. This shows drain 
current plotted against gate voltage for various drain 
voltages, indicating the switch-on threshold. 
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if it needs a fresh one (and AAAs are a lot cheaper, too!). 

The graphical display not only allows the unit to display 
the circuit symbol of the device under test but also makes it 
much easier to read off the information and measurements 
as three or four appear on screen at a time, compared to just 
one at a time with the DCA55. In some cases, the measure- 
ments are also more precise. For example, bipolar transistor 
Vpe is read out with three decimal places rather than two. 

The DCA75 can recognise and analyse zener diodes 
up to 12V, while the DCA55 did not (or detected them as 
regular diodes). It can also now handle IGBTs, including 
both enhancement and the rarer depletion mode types. It 
will recognise voltage regulators with outputs up to 8V 
and display the drop-out voltage and quiescent current. 
That’s handy since if you have an unknown TO-92 pack- 
age ‘transistor’ the DCA75 might tell you it is a regulator! 

As with the DCA55, this unit does more than just look 
at the basic component type connected. For bipolar tran- 
sistors, it will also detect internal collector-emitter (free- 
wheeling) diodes. For Darlingtons, it will detect if there are 
internal base-emitter biasing resistors. It will also detect 
diode networks (common anode, common cathode, series) 
which are often found in SMD packages such as SOT-23 
and SC-70. 

In addition to standard LEDs, it can sense ‘bicolour’ 
(inverse parallel) and ‘tricolour’ (common anode/cathode) 
types. And since it lights the LEDs up briefly, you can check 
the colour and brightness. 

The supplied manual is good. Not only does it explain 
in detail each type of test, what the limitations are and 
so on but it also shows the equivalent test circuit used 
for analysing each device. There is also a complete list of 
specifications for accuracy and measurement range in each 
test mode. The section on the PC software is very short but 
the software is not difficult to use. 


PC software 

If you’re going to take advantage of the new USB con- 
nectivity, you will need a computer running Windows XP 
or later. A USB flash drive is supplied but 
(like a lot of supplied equipment software) it 
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is likely to be out of date; you can download the latest ver- 
sion from the PEAK Instruments website at http://peakelec. 
co.uk/acatalog/dca75_support.html 

They also supply a micro-USB cable. 

As stated earlier, the range of analysis provided by this 
unit is somewhat limited due to its relatively low voltage 
and current delivery capabilities. It’s fine for testing low- 
voltage semiconductors typically found in digital circuits 
but not quite as useful for high-voltage or high-current 
devices such as those found in audio amplifiers, TVs, 
power supplies etc. 

For those low-voltage devices though, you can perform 
some quite useful tests, as shown in the accompanying 
screen grabs. For a start, you can do all the same tests 
as you can with the stand-alone unit but the results are 
displayed in a friendly format with all the results visible 
at once (see Fig.1). 

For each type of component, you then get a choice of 
several different graphs to plot and you can customise the 
range of test parameters (bottom of Fig.2). For most tests, 
there are two ranges of parameters that it steps through and 
this results in a series of curves being plotted. 

In Fig.2, we are plotting collector-emitter voltage (Vcr) 
against collector and base current for a BC557. This dem- 
onstrates the “Early effect”; in an ‘ideal’ transistor, once 
saturated, the lines would be perfectly horizontal. Fig.3 
shows a plot of Hg (beta, or gain) versus collector current 
for arange of collector/emitter voltages for the same device. 

Naturally, the tests available for Mosfets are somewhat 
different than for bipolar transistors. Fig.4 shows a plot of 
channel (drain-source) current against gate voltage for a 
range of drain/source voltages. This is a useful plot for any 
Mosfet as it allows you to see the gate threshold voltage. 
For example, this would be useful if there is ever a need 
to match pairs of devices. 

This plot gives the expected square-law curves and also 
demonstrates the Mosfet’s on-resistance as the curves do 
not perfectly overlap. Note that at higher drain-source 
voltages, the unit can’t test to as high a drain current; not 
that it matters terribly in this case. 


Conclusion 


Like the older DCA55 Semiconductor Component 
Analyser, this is a handy tool for just about any electronic ° 
technician to have. But the new DCA75 model is definitely 
more convenient to use and tests a larger range of compo- 
nents so it’s the more desirable one to own. 

The DCA55 is still available from Altronics (www.altron- 
ics .com.au), for $110 including GST (Cat No Q2100), while 
the DCA75 is $259 including GST (Cat No Q2115). 
The USB analysis mode is definitely a use- 

ful feature and could justify the higher cost, 

especially if you are going to use it on a 

regular basis. If you can’t afford the DCA75 
though, the DCAS55 is still quite useful. Any 
good electronic technician should have one or 
other of these devices in their toolbox. SC 


The Atlas DCA75 Pro comes with a comprehensive 
instruction manual, a USB stick with PC software and a 


micro USB cable. Altronics provide the local warranty. 
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The AWA Empire State: the definitive 
icon of the Bakelite radio 
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shows the R28 radio with its original aged (and yellowed) celluloi 


right is the restored unit with reproduction dial parts. 


The beauty of the AWA R28 radio has grown along with the 
nostalgia for the period now called “Art Deco”. AWA Empire State 
radios epitomise art from the “machine age” and have become the 
must-have radios for collectors in Australia (and beyond). Just as 
Penfold’s Grange Hermitage has become Australia’s iconic wine 
and is now expensive, the Empire State is now a definitive icon 


and is also expensive. 


HE VINTAGE radios featured in 
SILICON CHIP are usually discussed 
in terms of the underlying technology 
of their RF (radio frequency) and audio 
sections. However, the Empire State’s 
mystique owes little to its technol- 
ogy, although it was a state-of-the-art 
superhet radio for its time. 
Instead, its mystique derives from its 
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perception as a classic of design and in 
this context it’s appropriate to diverge 
a bit from simply listing the technical 
details. What makes a classic? It is 
almost always the intent of a designer 
to unleash a classic on the world but it 
is the fickle nature of public taste that 
determines the outcome. 

I can illustrate this through my 
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ownership of a 1965 Ford Mustang 
fast-back that I bought back in 1975 
when it was merely an old car. These 
days, I can hardly stop at a petrol 
station without someone coming up 
to say what a beautiful car it is and 
wanting to have a chat. It is a classic! 

AWA produced a series of Bakelite 
Empire State radios between 1934 and 
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These two photos show the view inside the author’s R28 as purchased (left) and after restoration (right). Someone had 





replaced the mains cord at some time in the past but this non-original item was replaced with a cloth-covered mains cord 
fitted with a Bakelite plug which is more in keeping with the era. A reproduction ARTS&P label (blue) was also fitted to 
the restored receiver. The chassis is best removed from the cabinet by unscrewing the four rubber feet at the bottom rather 
than undoing the two screws that attach it to the wooden base (doing the latter makes reassembly difficult). 


1937 (Radiolettes R28, R29, R30, R31, 
R32 & R37 and Radiola R48). AWA 
were the biggest Australian manufac- 
turer of radios in the 1930s and their 
most profitable and best-selling lines 
were console radios. These were large 
floor-standing units for the lounge 
room, which were marketed on the 
attractiveness of their timber cabinets. 

By contrast, there was a stigma at the 
time about “plastic” items that were 
perceived as cheap and inferior. Plastic 
(from the Greek plastikos, meaning 
mouldable) became the descriptor for 
all man-made polymers, including 
Bakelite. 

Is the Empire State a truly Austral- 
ian design? There is an urban myth, 
found by a Google search, that the 
shape is modelled on the Art Deco 
profile of AWA’s Sydney headquarters 
tower. This is easily refuted because 
the building was not erected until 
1939. Borrowing from US radio de- 
signs, with inspired adaptation, is a 
more credible explanation. 

The R28 radio was most likely styled 
after the Air King Model 66 designed 
by Harold Van Doren and John Gor- 
don Rideout in New York, 1933. It is 
now a Classic for US collectors. For 
Australia’s most iconic radio, there is 
no accessible information about the 
decisions made by management and 
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The component layout under the chassis is rather crowded due to the fact that 
the R28’s cabinet has just 240mm of usable width. Even so, the cabinet was 

one of the largest moulded Bakelite cabinets at the time. A previous owner 

had replaced the capacitors and the mains cord. The new cloth-covered mains - 
cord fitted by the author was correctly restrained using a cable clamp rather 
than using a knot (as shown here) which is now illegal. 


the composition of the design team 
that led to the Empire State radio. 


Bakelite 


Bakelite is a thermosetting plastic 
which is a condensation product of 


\ 


phenol and formaldehyde. In 1907, it 
was the world’s first synthetic plastic 
and marked the introduction of the 
‘polymer age’. Pure Bakelite resin is a 
pleasant shade of amber. 
Unfortunately, the pure product is 
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This view shows the front of the chassis without the dial. Note the geared 


drive mechanism for the dial pointer which rotates through almost a full 
360°. The 5-inch (125mm) electrodynamic speaker still sounds good. 


brittle and it was Leo Hendrick Bae- 
keland (1863-1944) who empirically 
modified the properties by strength- 
ening the phenolic polymer with 
fillers, initially with asbestos and in 
subsequent commercial applications 
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A rare jade-coloured model features 
on the cover of this book titled “Radio 
Days: Australian Bakelite Radios”. 
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with cellulose (sawdust) or starch 
from flour. Moulding Bakelite to use- 
ful shapes requires high temperature 
and pressure. A pressure of 350 tons 
was used for the moulds that made the 
Empire State cases. 

The R28 radio featured here is 
the first of the series and was only 
released in black. An alternative poly- 
mer (formaldehyde-urea, trade name 
‘Radelec’) with added colourants was 
subsequently used to create a remark- 
able range of finishes. You can see the 
colourful results by making a Google 
image search for “Empire State radio”. 

An even better way to see the col- 
our variants is to acquire the impres- 
sive coffee-table book “Radio Days: 
Australian Bakelite Radios”, by Peter 
Sheridan and Ritchie Singer. The 
promotion for this book from Angus 
and Robertson reads: “A unique and 
beautiful publication charting the his- 
tory of the Bakelite radio in Australia. 
For the first time, a photographic 
history from the ’30s, ’40s, and ’50s, 
highlighting art deco design in radio 
and the extraordinary range of colours. 





This title will be a must for anyone — 
interested in Australian social history, 
design and nostalgia. This handsome 
production displays over 400 radios 
in colour on 230 pages.” 

If you are unable to locate a book- 
seller with stock, try emailing Peter 
Sheridan at peter@petersheridan.com 
You can also use Amazon to acquire 
Peter’s latest book: “Deco Radio: The 
Most Beautiful Radios Ever Made”. 

Bakelite was cheap per unit in 
volume production but it required a 
high investment cost to set up moulds 
and presses. By contrast, the costs 
associated with set-up for modern 
thermo-mouldable plastics, such as 
PVG, are negligible relative to Bakelite 
and production rates are much higher. 

It’s no mystery why the production 
of Bakelite radio cabinets ended in the 
early 1950s. 


Celluloid 


The most plentiful natural polymer 
in the world is cellulose, the structural 
material of trees and other plants. Cel- 
lulose (as its nitrate derivative) was 
the basis for an early polymer that was 
transparent and mouldable, most no- 
tably as the base of photographic film. 

The use of celluloid dates from 1870 
but it’s basically a natural product 
rather than a synthetic formulation. 
Unfortunately, cellulose nitrate un- 
dergoes slow oxidation and changes 
colour to yellow and becomes more 
brittle with age (similar to the way its 
parent polymer, cellulose, contributes 
to changing wood colour and proper- 
ties with age). The dial window used 
for the Empire State radio is celluloid 
and the example featured here was 
appropriately aged. 

The importance of originality can be 
argued vociferously but for this radio 
I purchased reproduction plastic ver- 
sions of both the transparent window 
and the celluloid station-calibrated 
dial. The “as new” result is my prefer- 
ence in this case but the original cel- 
luloid dial parts have been put away 
for safe keeping. 


ARTS&P 


The Empire State is a superhet de- 
sign and sets of this type were only 
just beginning to become widely 
available at the time ofits release. The 
superhet design was desirable because 
of its ability to discriminate between 
stations with small frequency differ- 
ences. This was becoming increasingly 
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overload on strong signals. 





important as more and more stations 
began crowding onto the airwaves 
during the 1930s. 

The superhet design goes back to 
1918, when it was invented by Edwin 
Armstrong as a means of obtaining 
better amplification of RF (radio 
frequency) signals. This was done 
by converting the received signal fre- 
quency to a lower frequency (the IF 
or intermediate frequency) that could 
then be better amplified by the inef 
ficient valves of the time. 

Ongoing arguments about who 
owned the patents and rights to royal- 
ties kept the superhet out of general 
commercial production in Australia 
until a compromise was eventually 
reached. This involved manufacturers 
paying a set royalty to a single agency 
that would distribute the money. AWA 
overcame these patent problems to 
make superhets in the 1920s but these 
did not perform to modern standards. 

A label on the back of the Empire 
State R28 lists the various patents 
embodied in the radio and these date 
from 1919-1932. Also affixed to the 
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Fig.1: the circuit of the AWA R28. It has a fairly conventional RF amplifier (6D6) stage followed by a 6A7 converter 
and then a 6B7 IF amplifier/detector/AVC rectifier/audio amplifier. The latter then drives a type 42 pentode output 
valve, while a type 80 provides full-wave rectification of the transformer secondary to produce the HT voltage. The 
“D-L” switch across resistor R2 alters the gain of the 6D6 for distant and local reception and was necessary to avoid 


back was an Australian Radio Tech- 
nical Services and Patents (ARTS&P) 
label that certified that royalties had 
been paid. 

Each label was uniquely identified 
by a serial number and the first year 
of issue was 1934, the year the R28 
set featured here was made. Unfor- 
tunately, only some miniscule white 
residue of the original label remained 
when the radio was purchased. I now 
know that 1934 ARTS&P labels were 
white but the R28 was also sold during 
1935 when the labels changed to blue. 

The other R28s I initially looked at 
all had blue ARTS&P labels and this 
caused some confusion. After looking 
at those labels, I made a reproduction 
for this radio and unfortunately it is 
erroneously blue and carries a ‘B’ pre- 
fix. A future project to create a white 
ARTS&P with the correct ‘A’ prefix for 
1934 is planned. 


Circuit details 


Fig.1 shows the circuit details of 
the Empire State R28. As shown, it’s 
a 5-valve set with three tuned circuits. 





& 


The album cover of this double record 
set produced in 1982 by Telmak 
(Balmain, NSW) lists artists and 
recordings of the heyday of radio 
from the 1930s to the 1950s. The dial 
indicates that this is an R48 model but 
it is fitted with non-genuine knobs. 
The speaker grille fabric is also non- 
genuine. 


The five valves are as follows: (1) a 
6D6 (or type 78) RF amplifier, (2) a 
6A7 mixer-oscillator producing an 
IF of 175kHz, (3) a 6B7 IF amplifier/ 


AUGUST 2014 95 


The R48 uses asbestos to line one side of a metal can holding the two HT filter 
electrolytics, to protect them from heat generated by the type 80 rectifier. This 
asbestos was painted with high-temperature blue paint to stabilise it (see text). 
The left photo shows the asbestos before painting, while the right photo shows 
the asbestos after painting (rectifier valve removed). 





The 6D6 RF valve, the 6A7 converter valve and the 6B7 IF amplifier/detector/ 
audio amplifier valve are all shielded by a divided metal screen at one end of 
the chassis (the later R29 model is easily recognised because it has separate 
shields around the individual valves). The two IF transformers are located 
under the chassis, immediately below the converter and IF valves. The warning 
label reads “This instrument has been designed for the use of Radiotrons. To 
ensure consistent good results and to safeguard against possible damage use 
only genuine Radiotrons of the correct type as replacements”. 
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detector/AVC rectifier/audio amplifier, — 
(4) a type 42 output pentode and (5) a 
type 80 HT rectifier. 

The three tuned circuits are adjusted 
by a triple-gang tuning capacitor, the 
various sections being associated with 
the aerial coil, the inter-stage RF trans- 
former and the local oscillator. Note 
that the 6B7 reflexes the output of the 
detector diode back to the grid so that 
the valve simultaneously amplifies 
both IF and audio signals. 

The power supply uses a conven- 
tional transformer. Its secondary out- 
put is full-wave rectified by the type 
80 and the resulting HT line is then 
filtered by C22, the loudspeaker field 
coil and C23. The filtered HT voltage 
is then fed to the plates of the valves. 


Restoration 


This unit was in quite good condi- 
tion when received but there’s one 
critical aspect to watch out for in this 
set. A priority in dealing with an R28 
(and other old radios) is to assess the 
state of any asbestos, if present. Many 
radios of the 1930s and 1940s incorpo- 
rated small asbestos sheets to provide 
heat shielding and these sheets were 
generally attached to structures adja- 
cent to the hottest valves (rectifier and 
output pentode). 

In the R48, the type 80 rectifier valve 
dissipates about 8W of the 48W total 
and asbestos lines the side of the can 
housing the two HT filter electrolytics. 
This asbestos was painted blue using 
high-temperature paint (eg, from Stove 
Bright or White Knight), to stabilise it 
against shedding airborne spicules. 

It’s essential to wear the correct 
protective equipment when working 
with asbestos. Miniscule amounts of 
asbestos can cause deadly long-term 
health problems if inhaled. Ordinary 
dust masks are not effective and pro- 
tection requires a filter respirator fitted 
with a class P1 or P2 filter cartridge. 

Any clothing must also be protected 
from contamination and you should 
not use compressed air to blow away 
dust if asbestos is present. Guidelines 
for dealing with asbestos are available 
at http://www.health.gov.au/ 

In this case, the R48’s chassis was 
cleaned with turpentine to remove the 
dust and grime. Matching blue paint 
was then applied to some areas of 
corroded metal work. The grille fabric 
was thin with some small holes, so a 
dark brown backing fabric was added 
behind the original material. This en- 
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The yellow inset section here is the 
original R28 dial from 1934 but more 
stations had joined the airwaves by 
1936 when the R29 was marketed. 
The outer section is the reproduction 
R29 dial installed on the R28 radio 
featured here. 





Ernest Fisk was the General Manger of 
Amalgamated Wireless of Australasia 
at the time the R28 was made and was 
a familiar public figure in the 1930s. 
He made various royalty agreements 
with both Marconi UK and RCA 
America, the latter also giving him 

the rights to use the badge names 
“Radiola” and “Radiolette” (as used 
on the front of the AWA R28). 


hanced its appearance while showing 
no evidence of the added fabric. 

Unfortunately, heat from the dial- 
light (a 6.3V 2W globe) had resulted 
in a small burn mark on the celluloid 
dial-scale. This, along with yellowing 
of the dial-scale, led to the decision to 
replace it with a reproduction. 

Finally, considerable effort went 
into carefully polishing the cabinet. 
The result can be seen in the accom- 
panying photo. 


The price of an icon 
At the time of its release in 1934, 


siliconchip.com.au 





This view shows the author’s fully-restored 1934 AWA Radiolette R28 with its 
_ reproduction R29 dial. Along with restoring the electronics, considerable effort 


was also put into restoring the cabinet, so that it now looks almost like new. 


the basic AWA Empire State Radiolette 
R28 was considered an “entry-level” 
set and sold for £15/15/—(ie, 15 pounds 
and 15 shillings). This was subse- 
quently increased to £16/16/— (or 16 
guineas as it was then quaintly called) 
for the R39 in 1936. A tradesman at 
that time earned about £4 a week, so 
even entry-level sets weren’t cheap 
considering they cost around four 
weeks’ wages. 

These sets were advertised as the 
“second set in the home for the kitchen 
or sunporch.” And in keeping with this 
theme, later models were promoted as 
having “a sparkling array of beautifully 
coloured cabinets which harmonise 
perfectly with modern interiors”. 

The basic black and brown units 
have survived in reasonable numbers 
but that does not make them cheap 
today. The unit featured here was pur- 
chased on eBay for $1600 in January 
2010. The highest price known to be 
paid at auction is $16,800 in March 
2010 for a jade-green example. A jade- 
green example has also changed hands 


privately for around $20,000. 

These high values have sometimes 
led to flagrant misrepresentations of 
kindred radios (and reproductions) as 
Empire State models. As ever, when 
purchasing such sets, it is caveat emp- 
tor; let the buyer beware. The luckiest 
acquisition I know ofis by a fellow col- 
lector who found one at his local tip. 

Despite the high prices paid for 
some models, they’re far from being 
the most valuable vintage radios on 
the world stage. That honour goes 
to a rare art-deco Sparton Nocturne 
which fetched US$120,000 in Los 
Angeles, USA. 

So where do you display an Em- 
pire State radio? Easy — taking a cue 
from the movie “The Castle”, it went 
straight to the pool room. 
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ASK SILICON CHIP 


Got a technical problem? Can’t understand a piece of jargon or some technical principle? Drop us a line 


and we’ll answer your question. Send your email to 


silicon@siliconchip.com.a 





Using the Majestic 
as a subwoofer 


I have read with great interest about 
the Majestic Loudspeaker System 
project in the June 2014 issue. My 
question is, can it be an awesome 
stand-alone subwoofer? 

Obviously the main changes would 
be to delete the horn tweeter, cross- 
over network and associated tweet cut- 
out in the front baffle. But is that all? 
Would the dimensions of the box have 
to change to accommodate the loss of 
tweeter changing the internal volume? 
Can the dimensions of the box change, 
provided the internal volume remains 
the same? Would this affect the size of 
the two ports? (T. H., Calwell, ACT). 
@ Your approach is correct. Just leave 
out the tweeter, crossover network and 
the tweeter cut-out in the baffle. The 
volume displaced by the back of the 
tweeter is quite small so it should have 
little effect on the overall response. No 
dimensions need to be changed. 


SoftStarter for 


circular saw 

Ihave bought a Ryobi table saw rated 
at 1500 watts. It starts with a solid 
‘thwack’ which I find objectionable 
and disconcerting. I have checked a 


similar unit and it makes the same 
noise when started. SILICON CHIP de- 
scribed a slow start unit in July 2012. 
Would this be suitable to use with the 
saw? (B. T., via email). 

@ Yes, itshould be suitable. That unit 
has arating of 10A (2300VA) so should 
handle a 1500W saw. 

Keep in mind though that if you’re 
starting the saw frequently (say once 
a minute or more often), then the 
effectiveness could diminish with 
subsequent starts as the thermistors 
may not have time to fully cool down. 
Even then, it should still provide some 
reduction in start-up kick. 


AC voltage 


regulator wanted 

I am trying to build a voltage regu- 
lator so I can reduce the voltage from 
250VAC to 24VAC. If you happen to 
have a kit for this it would be very 
nice. I have tried using a couple of 
formulas from the internet but to no 
avail since the values do not compute 
and the results are dangerous in some 
cases. (C. H., via email). 
@ There aren’t many true AC voltage 
regulators available. One option is to 
use a motor-driven Variac but they are 
expensive and only react relatively 
slowly —they’re intended to cancel out 


the effect of mains voltage variations. 

Are you sure you need regulated 
AC and can’t just use a regular trans- 
former? How important is it that the 
AC is a sinewave? 

If you must have a precisely regu- 
lated AC voltage then the obvious 
solution is to use an audio amplifier, 
however depending on what type of 
load you need to drive (capacitive, 
etc) you may run into stability issues. 

A single-channel audio amplifier 
capable of delivering 100W into eight 
ohms should be able to deliver 24VAC 
at around 3A. It will be quite inef- 
ficient though. Ideally, use one rated 
for 4-ohm loads so that it has sufficient 
current delivery margin. Feed a 50Hz 
sinewave from an oscillator into the 
amplifier input then adjust the volume 
control for 24VAC between the speaker 
terminals. You may need to re-adjust 
after connecting the load. Ideally you 
should then check that there is no sign 
of oscillation with an oscilloscope. 


Speedo Corrector 
misbehaves at 90km/h 


Iam writing in regards to the Speedo 
Corrector Mk2 (SILICON CHIP, Decem- 
ber 2006). I have one installed ina VS 
Commodore and it is receiving and 
transmitting an AC signal. 


Piezo)Tweeter Substitution) In Majestic Loudspeakers 


I am probably going out on a 
limb here but I have a couple of the 
older CTS piezo 400W horns which 
I would like to use instead of the 
Celestion tweeters in the Majestic 
Loudspeaker System (SILICON CHIP, 
June 2014). These sound fine to 
my (cloth) ears with a 200W/chan- 
nel amplifier and German 12-inch 
woofers. It will be using an active 
crossover at about 1.8kHz, 24dB/ 
octave. I hope the 15-inch Etone 
woofer holds up that high; it might 
need some active shelf EQ. 

I will also need to boost the piezo 
tweeters by 3-4dB but using SILICON 
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CHIP Ultra-LD Mk.3 Amplifier mod- 
ules for this should be OK. Please feel 
free to point out the deficiencies in 
this approach! (J. E., by email). 
@ Aargh, piezo horns really have 
no place in a high-fidelity system! 
So good luck with the experimenta- 
tion. Keep in mind that we (Allan 
Linton-Smith & SILICON CHIP) have 
spent considerable time with the 
Majestic Speaker design to get it just 
right in terms of treble/bass balance, 
sufficient treble dispersion, good 
bass response, etc. 

If you change the tweeters and 
crossover network you will have to 


do a lot of the tweaking all over again 
to get the balance right and that will 
be virtually impossible unless you 
have calibrated microphones and all 
the gear to match. 

Sometimes things which seem like 
they’ll work well on paper don’t nec- 
essarily result in speakers that sound 
good. At the very least, we suspect 
you will want to try different cross- 
over frequencies and ideally should 
have a way of measuring the change 
in frequency response as you do—see 
the article on measuring loudspeaker 
systems in the December 2011 issue 
of SILICON CHIP. 
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Iam in the process of building the 
12-Digit Frequency Counter from the 
December 2012 and January 2013 
issues. It is somewhat disappointing 
that there was no kit available but 
I understand you have no control 
over these matters. Small quantities 
of some of these parts are hard to 
obtain and some are now discon- 
tinued stock. 

I have a few questions regarding 
this project please. First, is the long 
gating time add-on board, published 
in July 2014 available yet? Second, 
in respect to obtaining the best fre- 
quency accuracy, what would your 
recommendations be please? I have 
both a Trimble Thunderbolt GPS and 
a Rubidium standard with the SILI- 
CON CHIP interface to provide the 1Hz 
signal. Is one better than the other? 

Also, in the circuit description, it 
says that the 8MHz crystal associat- 
ed with the microprocessor handles 
some of the counting process, so if 
this crystal drifts, is the accuracy 
also going to suffer? Would it benefit 
from having a crystal heater fitted? 


It works fine except for when speeds 
reach about 90km/h and above. Above 
90km/h the speedo jumps around, up 
to 100km/h and and back down to 
95km/h (ie, about 5-10 km/h either 
side of actual speed). This happens 
all the time above 90km/h but it is 
perfect below. 

It appears there is noise on the sig- 
nal but without the Speedo Corrector 
the speedo just reads high right up to 
200km/h without jumping! When the 
speedo jumps around it also appears to 
react when the accelerator is pressed. If 
I take my foot off the accelerator above 
100km/h, the speedo drops to 95km/h; 
put my foot back on and it jumps back 
up but actual speeds, checked with a 
GPS, are steady! 

I have investigated noise on the 
power supply and have eliminated this 
with a noise suppressor and this made 
no difference to the jumping signal. I 
have also double checked the grounds 
throughout car! Do you any idea what 
my problem might be? 

I have now installed two differ- 
ent Jaycar Speedo Corrector kits and 
both act the same! Secondly, I think 
the problem might be something like 
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-My main motivation for building 
this counter, is to measure and adjust 
my 10MHz reference oscillators, 
used for microwave transverters, up 
to 78GHz. I do have a HP microwave 
counter but it is temperamental and 
unreliable. 

A 12GHz prescaler, added to this 
counter, would give me the same 
functionality, with possibly better 
accuracy and resolution. I currently 
use a Rubidium standard as the ref- 
erence oscillator on my testbench, 
to drive signal generators etc, but I 
want a second ‘reference’ as a san- 
ity check. 

Any advice on optimising the 

accuracy would be appreciated. (P. 
W., via email). 
@ The PCB for the long gating circuit 
for the 12-Digit Counter can be or- 
derd via this link: www.siliconchip. 
com.au/Shop/?article=7927 

We are not familiar with the Trim- 
ble Thunderbolt GPS, so we cannot 
advise whether it would provide a 
more stable 1Hz output compared 
with your Rubidium standard. You 


debounce or filtering of the incoming 
or, most likely, the out-going signal? 
Is there a way I can filter the output 
more? Increase a capacitor or resistor? 
Can the micro be reprogrammed to 
filter or increase the de-bounce? (S. 
E., via email). 
@ The problem is most likely insuf- 
ficient filtering of the input signal. Try 
increasing the 10nF capacitor across 
ZD2. This capacitor is located just be- 
low transistor Q1 on the PCB. Maybe 
a 100nF capacitor will fix it. 
Another problem could be elec- 
tromagnetic interference causing the 
microcontroller to misbehave. Try 
relocating the Speedo Corrector to a 
different position in the vehicle, pref- 
erably away from the ignition leads. 
Finally, try replacing or increasing the 
100nF capacitor that decouples the 
supply to IC1. This is located adjacent 
to pins 1 and 18 of IC1. 


Seismograph 
set-up problems 


Ihave constructed the Seismograph 
(SILICON CHIP, September 2005) and 
have followed the steps outlined in the 





don’t say whether the Rubidium 
unit is GPS-disciplined or not but 
if it is, the stability and short-term 
accuracy should be about ‘as good 
as you’d want’. / 

With regard to your question re- 
garding whether or not the accuracy 
of the 12-digit counter might be 
compromised by the use of a non 
temperature-compensated or non- 
ovenised 8MHz crystal for the micro, 
the answer is “no”. The gate timing 
for the counter is solely determined 
by the timebase, so if you are using 
the external timebase option with 
GPS-derived 1Hz pulses, these will 
determine the counter’s accuracy — 
at least for frequency measurements. 

The micro’s 8MHz clock is only 
used to provide the 1MHz clock for 
period measurements. Although 
the ‘later decades’ part of the fre- 
quency counting (ie, after the first 
four decades) is certainly handled 
by counters inside the micro, these 
are hardware counters rather than 
software counters, so they’re not af- 
fected by any drift in the 8MHz clock. 





article. However, when the AmaSeis 
software is opened it cannot receive 
data from the chip. A message comes 
up on the screen that it cannot com- 
municate with the device. 

The COM port is set to the same 
as for the PICAXE. The baud rate is 
4800 and AS1 is set. I am using the 
Revolution Education AXE027 USB 
download cable. I have checked all 
parts on the PCB and the voltages on 
the chips. 

The second problem is when power 

is applied to the circuit board the 
piezo transducer goes into a continu- 
ous chatter mode. I hope you are able 
to offer a some suggestion which may 
help to solve these two problems. (B. 
S., Auckland, NZ). 
@ Did you close the PICAXE Program- 
ming Editor to free the COM port be- 
fore launching AmaSeis? You can use a 
basic terminal program (which is built 
into the PICAXE programming editor) 
to connect to that COM port with a 
baud rate of 4800 and you should be 
able to see data from the unit as shown 
in Fig.6 in the article. 

Check that the supply voltage for 
IC2 is a stable 5V or very close to it. 
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24V Version Of Ultrasonic) Anti-Fouling Unit 


I put together the Ultrasonic Anti- 
fouling Unit For Boats (SILICON CHP, 
September & November 2010) and it 
worked well for some time. However, 
at some stage, my 12V switchmode 
reducer seemed to reach up to 17.7V 
and the result was the destruction of 
the ICs and the Mosfets. Is it possible 
to advise on modifications for opera- 
tion on a 24V system? 

I assume that this would involve 
replacing the resistors in series with 
diode D3, the 20kQ and 10kQ divider 
resistors, plus the resistor in series 
with the run LED. Also, the trans- 
former would need to have increased 
turns on the primary. I would prefer 
to run the unit directly off the boat’s 
nominal 24V system. (R. L., Christch- 
urch, NZ). 

@ Torun the system from 24V you 
would need 16 turns on the primary 
instead of the eight used for use with 
a 12V supply. You may find there is 
little room for the extra windings 
and so 1.25mm diameter enamelled 
copper wire will provide a space 


We assume that programming the 
chip was successful and that you have 
adjusted VR1 and VR2 as per page 34 
in the article. 

Piezo chatter is probably normal 
before the final adjustment is complete 
(as per the instructions on page 36) 
since the earlier steps say to set the 
voltage at pin 3 of IC2 to around 4V. 
However, we suspect that it should 
actually be closer to 2.5V during nor- 
mal operation. You could try adjusting 
VR2 to get 2.5V at pin 3 and see if that 
quietens the piezo. 

If so, then the unit is probably work- 
ing and it’s just a serial communica- 
tions problem, possibly because the 
PICAXE programming editor (or some- 
thing else) has the COM port open. 


Preamplifier needs 
multiple inputs 


I wonder ifI might ask your opinion 
about the 10-Channel Remote Control 
Receiver featured in the June 2013 
issue. I am in the process of building 
a new stereo system and one of the 
problems I have encountered is find- 
ing a design for a preamplifier with 
sufficient inputs for all the various 
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saving. You must insulate between 
primary and secondary windings 
with insulation tape. 

If you built the unit from a Jaycar 
kit you may find that the cores are 
difficult to separate as they have been 
glued in the pre-wound transformer. 
You could wind a new transformer 
instead (element14 sell ETD29 trans- 
formers). 

The 2200uF 25V low-ESR capaci- 
tor would need to be rated at 35V or 
more. Also, place a 10V 1W zener 
diode in series with diode D3, with 
D3’s anode to the anode of the zener 
diode. This will reduce the input 
voltage to IC1. The 100uF capacitor 
at pin 1 of IC1 needs to be rated at 
25V (or more if the zener is not used). 
Reduce the fuse rating to 1.5A. 

The 20kQ and 10kQ resistors at pin 
5 of IC2 for battery voltage monitor- 
ing should be changed to 18kQ and 
3.6kQ, respectively. This will divide 
the 24V battery voltage by six instead 
of a factor of three. LED1’s series 
resistor can be 10kQ 0.25W. 





items I want to run, eg, CD, TV, digital 
radio, MP3 etc. I need a minimum of 
five inputs and I would really like them 
to be controllable remotely. 

Looking at your design, I believe that 
I could use it to operate readily-avail- 
able 4PDT relays mounted on a PCB 
which would allow me to switch both 
left and right signals and both grounds 
on a stereo input. I appreciate that the 
receiver would have to be set to toggle 
operation and I would therefore have 
to turn off each unwanted input but the 
consequences of two inputs/relays on 
at the same time would only be a brief 
mixing of program material which is 
a minor inconvenience. 

Since Iam likely to use the Altronics 

A1012 remote to operate a motorised 
volume control it should be possible 
to use the same remote for the input 
switching. Can you see any obvious 
problems with this approach? (B. D., 
via email). 
@ The 10-Channel Remote Control 
can be made to work as you describe. 
The hand-held remote would be suit- 
able for both motorised volume control 
and input selection. 

With relays there could be some 
inter-channel crosstalk for both input 





signal and left and right channels. 
Ensure there is sufficient shielding of 
the signals and, if using a PCB, that 
ground tracks are run between adja- 
cent signal tracks. 


Tamper alarm for 


an electric fence 


Has SILICON CHIP published an 

Electric Fence with a tamper alarm? 
The idea is that if the wire is cut, it 
will sound an alarm. (D. H., Taipei, 
Taiwan). 
@ We have published a few electric 
fence circuits. The main ones were in 
July 1995 and April & May 1999. None 
of these had an alarm to indicate ifthe 
fence is cut but it wouldn’t be hard to 
arrange. You do need access to the far 
end of the fence from the controller, 
or alternatively connect an insulated 
wire there and run it back to where 
the controller is. 

First, connect a high-voltage rectifier 
diode and a low-value, high-voltage 
filter capacitor to this wire to rectify 
the output of the electric fence control- 
ler, without loading it unduly. That 
done, connect a high-value resistive 
divider (eg, 10 x MQ 1W and 10kQ) 
across the capacitor, such that the di- 
vider develops a few volts across the 
bottom resistor (ie, the low-value one 
connected to earth) when the fence is 
working properly. 

You can then use that signal to reset 
a timer, with the timer set to sound an 
alarm ifit is not reset in say 2-3 electric 
fence pulses. Should the fence be cut, 
the voltage to the far end will stop 
and the timer will expire and sound 
the alarm. : 


Speed query on 
Ethernet over power 


I read with interest your article in 
the June 2014 regarding Ethernet via 
230VAC mains. As a somewhat non- 
technical person could you please 
clear up a question for me. The picture 
of the Edimax, on page 77, shows 
500Mbps (on the device itself) yet 
the caption under the picture states 
100Mbps. 

Also on page 78 — middle column, 
second last paragraph — it again states 
that the adaptors have 100Mbps 
ports. I have my modem/router/WiFi 
device in the lounge room (adjacent 
to the phone line wall socket) while 
my home office is in the back of the 
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SHLIEOR 
ere 


PCBs and other hard-to-get components available now direct from the SILICON CHIP ONLINESHOP 


NOTE: PCBs from past ~12 months projects only shown here but there are boards going back to 2001 and beyond. 
For a complete list of available PCBs, back issues, etc, go to siliconchip.com.au/sho, 








R-TO-455MHZ UHF TRANSCEIVER JUN 2013 15106132 —$7.50 LED PARTY STROBE (also suits Hot Wire Cutter [Dec 2010]) JAN 2014. 16101141 $7.50 
“LUMP IN COAX” PORTABLE MIXER JUN 2013 01106131 $15.00 BASS EXTENDER Mk2 JAN 2014 01112131 $15.00 
VIL PULSER MKII TRAIN CONTROLLER JUL 2013 09107131 $15.00 LI'L PULSER Mk2 Revised JAN 2014 09107134 $15.00 
VIL PULSER MKII FRONT & REAR PANELS JUL 2013 09107132/3 $20.00/set  10A 230VAC MOTOR SPEED CONTROLLER FEB 2014 10102141 $12.50 
REVISED 10 CHANNEL REMOTE CONTROL RECEIVER JUL 2013 15106133 $15.00 NICAD/NIMH BURP CHARGER MAR 2014 14103141 $15.00 
NFRARED TO UHF CONVERTER JUL 2013 15107131 $5.00 RUBIDIUM FREQ. STANDARD BREAKOUT BOARD APR 2014 04105141 $10.00 
UHF TO INFRARED CONVERTER JUL 2013 15107132 $10.00 USB/RS232C ADAPTOR APR 2014 07103141 ‘$5.00 
IPOD CHARGER AUG 2013 14108131 $5.00 MAINS FAN SPEED CONTROLLER MAY 2014 10104141 — $10.00 
PC BIRDIES AUG 2013 08104131 $10.00 RGB LED STRIP DRIVER MAY 2014 16105141 $10.00 
RF DETECTOR PROBE FOR DMMs AUG 2013 04107131 $10.00 HYBRID BENCH SUPPLY MAY 2014 48104141 $20.00 
sa Al A ase SEP 2013 VINOBTSt, -- $5.00 2-WAY PASSIVE. LOUDSPEAKER CROSSOVER JUN 2014 01205141 $20.00 
SPEEDO CORRECTOR SEP 2013 05109131 $10.00 

: TOUCHSCREEN AUDIO RECORDER JUL 2014 01105141 $12.50 
SiDRADIO (INTEGRATED SDR) Main PCB OCT 2013 06109131 $35.00 ; 
ss THRESHOLD VOLTAGE SWITCH JUL 2014 99106141 — $10.00 

iDRADIO (INTEGRATED SDR) Front & Rear Panels OCT 2013 06109132/3 $25.00/pr 

MICROMITE ASCII VIDEO TERMINAL JUL 2014 24107141 ~—- $7.50 

TINY TIM AMPLIFIER (same PCB as Headphone Amp [Sept11])OCT 2013 01309111 $20.00  REBUEHEY EGURTES ADD-ON 
TINY TIM POWER SUPPLY DEC 2013 18110131 $10.00 Ou D-0 JUL 2014 04105141a/b $15.00 
AUTO CAR HEADLIGHT CONTROLLER OCT 2013 03111131 $10.00 NEW THIS MONTH: 
GPS TRACKER NOV 2013 05112131 $15.00 VALVE SOUND SIMULATOR PCB - UG 2014 01106141 
STEREO AUDIO DELAY/DSP + REVERB UNIT (Feb 2014) NOV 2013 01110131 = $15.00 VALVE SOUND SIMULATOR FRONT PANEL (BLUE) UG 2014. 01106142 
BELLBIRD DEC 2013 08112131 $10.00 TEMPMASTER MK3 UG 2014 21108141 
PORTAPAL-D MAIN BOARDS DEC 2013 01111131-3 $35.00/set | 44 PIN MICROMITE UG 2014 24108141 








(for CLASSiC-D Amp board and CLASSiC-D DC/DC Converter board see Nov 2012/May 2013) 
Prices above are for the Printed Circuit Board ONLY - NO COMPONENTS OR INSTRUCTIONS ETC ARE INCLUDED! P&P for PCBS (within Australia): $10 per order (ie, any number) 


PRE-PROGRAMMED MICROS Price for any of these micros is just $15.00 each + §10 p&p per order# | 


As a service to readers, S/LICON CHIP ONLINESHOP stocks microcontrollers and microprocessors used in new projects (from 2012 on) 
and some selected older projects - pre-programmed and ready to fly! Some micros from copyrighted and/or contributed projects may not be available. 


PIC12F675-1/P UHF Remote Switch (Jan09), Ultrasonic Cleaner (Aug10), PIC18F27J53-1/SP USB Data Logger (Dec10-Feb11) 


Ultrasonic Anti-fouling (Sep10), Cricket/Frog (Jun12) Do Not Disturb (May13) PIC18LF14K22 Digital Spirit Level (Aug11), G-Force Meter (Nov11) 
IR-to-UHF Converter (Jul13), UHF-to-IR Converter (Jul13) 


PC Birdies *2 chips - $15 pair* (Aug13) PIC18F1320-1/SO intelligent Dimmer (Apr09) ie ay 
PIC16F1507-1/P Wideband Oxygen Sensor (Jun-Jult2) PIC32MX795F512H-801/PT Te el eee Colour Maximite (Sept/Oct12), 
PIC16F88-E/P Hi Energy Ignition (Nov/Dec12), Speedo Corrector (Sept13), é " may 

Auto Headlight Controller (Oct13) 10A 230V Motor Speed Controller (Feb14) NEW THIS MONTH: PICS2MX150F128D SO1PT 44-pin Micromite (Aug14) (NEW!) 
PIC16F88-I/P Projector Speed (Apri 1), Vox (Junt1), Ultrasonic Water Tank Level (Sep11), PIC32MX250F128B-501I/SP_ Micromite (May14) — also includes FREE 47.F tantalum capacitor 

Quizzical (Oct11) Ultra LD Preamp (Nov11), 10-Channel Remote Control PIC32MX250F128B-I/SP_ GPS Tracker (Nov13) Micromite ASCII Video Terminal (Jul14) 

Receiver (Jun13), Revised 10-Channel Remote Control Receiver (Jul13), PIC32MX470F512H-I/PT — Stereo Audio Delay/DSP (Nov13), Stereo Echo/Reverb (Feb 14) 


Nicad/NiMH Burp Charger (Mar14) dsPIC33FJ128GP802-I/SP Digital Audio Signal Generator (Mar-May10), Digital Lighting Controller 


PIC16LF88-1/P Garbage Reminder (Jan13), Bellbird (Dec13) (Oct-Dec10), SportSync (May11), Digital Audio Delay (Dec11) Level (Sep11) 
PIC16LF88-1/SO LED Ladybird (Apr13) Quizzical (Oct11), Ultra-LD Preamp (Nov11), LED Musicolor (Nov12) 
PIC16F877A-I/P 6-Digit GPS Clock (May-Jun09), Lab Digital Pot (Jul10) dsPIC33FJ64MC802-E/P —_ Induction Motor Speed Controller (revised) (Aug13) 

Semtest (Feb-May12) dsPIC33FJ128GP306-I/PT CLASSIC DAC (Feb-May 13) 
PIC18F2550-1/SP Batt Capacity Meter (Jun09), Intelligent Fan Controller (Jul10) ATTiny861 VVA Thermometer/Thermostat (Mar10), Rudder Position Indicator (Jul11) 
PIC18F45K80 USB Power Monitor (Dec12) ATTiny2313 Remote-Controlled Timer (Aug10) 
PIC18F4550-1/P GPS Car Computer (Jan10), GPS Boat Computer (Oct10) ATMega48-20AU RGB LED Strip Driver (May14) 
PIC18F14K50 USB MIDIMate (Oct11) ATMega48 Stereo DAC (Sep-Nov09) 


When ordering, be sure to nominate BOTH the micro required AND the project for which it must be programmed. 


SPECIALISED COMPONENTS, SHORT-FORM KITS, ETC rcs., componewrs erc may ae COMBINED (n one order) FOR S10-PER-ORDER PAP RATE 


NEW: 44-PIN MICROMITE Complete kit inc PCB, micro etc (Aug14) $35.00 “LUMP IN COAX” MINI MIXER SMD parts kit: (Jun13) $20.00 
Includes: 2 x OPA4348AID, 1 x BQ2057CSN, 2 x DMP2215L, 1 x BAT54S, 1 x 0.22Q shunt 
MAINS FAN SPEED CONTROLLER - AOT11NGOL 600V Mosfet May14, $5.00 , ! : ! 
ied LF-HF UP-CONVERTER SMD parts kit: (Jun13) $15.00 

RGB LED STRIP DRIVER - all SMD parts and BSO150N03 Mosfets, Includes: FXO-HC536R-125 and SA6O2AD and all SMD passive components 
does not include micro (see above) nor parts listed as “optional” (May14) $20.00 

; CLASSIC DAC Semi kit - Includes three hard-to-get SMD ICs: (Feb-May13) $45.00 
HYBRID BENCH SUPPLY- all SMD parts, 3 x BCM856DS & L2/L3 (May 14) $45.00 CS8416-CZZ, CS4398-CZZ and PLL1708DBQ plus an accurate 27MHz crystal and ten 3mm blue LEDs 


with diffused lenses 
USB/RS232C ADAPTOR MCP2200 USB/Serial converter IC (Apri4) $7.50 ISL9V5036P3 IGBT As used in high energy ignition and Jacob’s Ladder (Nov/Dec12) $10.00 


NICAD/NIMH BURP CHARGER (Mar14) $7.50 (Feb13) 
+ SPD15P10 P-channel logic Mosfet & 1 IPP230NO6L3 N-channel logic Mosfet 


2.5GHz Frequency Counter (Dec12/Jan13) 


10A 230V AC MOTOR SPEED CONTROLLER 
40A IGBT, 30A Fast Recovery Diode, IR2125 Driver and NTC Thermistor 


STEREO AUDIO DELAY wms731 DAC IC and SMD capacitors. 
GPS Tracker MCP16301 SMD regulator IC and 15H inductor 
SMD parts for SiIDRADIO 

RF Probe All SMD parts 


(Feb14) 


(Nov13) 
(Nov13) 
(Oct13) 
(Aug13) 


Same as LF-UF Upconverter parts but includes 5V relay and BF998 dual-gate Mosfet. 


LF-HF Up-converter Omron G5V-1 5V SPDT 5V relay 


(Jun13) 


$45.00 


$20.00 
$5.00 
$20.00 
$5.00 


$2.00 


JST CONNECTOR LEAD (Jan12) 2-WAY $3.45 3-WAY $4.50 


LED Kit: 3 x 4-digit blue LED displays 
MMC & Choke Kit: ERA-2SM+ Wideband MMC and ADCH-80+ Wideband Choke 


$15.00 
$15.00 


ZXCT1009 Current Shunt Monitor IC (Oct12) 


As used in DCC Reverse Loop Controller/Block Switch (Pack of 2) 


G-FORCE METER/ACCELEROMETER Short form kit (Aug11/Nov11) $44.50 
(contains PCB (04108111), programmed PIC micro, MMA8451Q accelerometer chip and 4 Mosfets) 
DIGITAL SPIRIT LEVEL Short form kit (Aug11/Novi1) $44.50 
(contains PCB (04108111), programmed PIC micro, MMA8451Q accelerometer chip and 4 Mosfets) 


$7.50 


IPP230NO6L3 N-Channel logic level Mosfets 
As used in a variety of Siicon CHip Projects (Pack of 2) 


$5.00 


$40.00 


$40.00\ 


*All items subect to availability. Prices valid for month of magazine issue only. All prices in Australian dollars and included GST where applicable. # P&P prices are within Australia. O’seas? Please email foraquote 08/14 
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SoftStartern For A\Ducted Vacuum System 


Recently, I purchased and con- 
structed the SoftStarter kit from 
Altronics, based on the article in 
the April 2012 edition. I installed 
the kit to provide a soft start to a 
230VAC mains-powered 1500W 
series-wound AC brush motor in 
a domestic ducted-vacuum motor. 
The circuit worked as expected for 
about six weeks after which time the 
thermistor failed, disintegrating into 
several small pieces. 

It was not being switched on and 
off rapidly. It was mounted in a 200 
x 140mm sealed ABS box, which 
also contains a 24VAC mains con- 
trol relay for the vacuum motor on/ 
off function and a 7A mains circuit 
breaker. The 24VAC supply for the 
control on/off relay is external to the 
box. It was used four or five times 
per week for about six weeks until 
failure. 

The remaining bit (about 40%) of 
the thermistor now has a low tem- 


house and is very unreliable for the 
WiFi to connect — I suspect because 
of distance. 

I toyed with the idea of running a 
long Ethernet cable between the two 
locations but it would be a hell ofa job 
to accomplish. Do you feel that these 
adaptors would solve my problem? I 
have a power point within a metre of 
where I have my laptop on my office 
desk. (K. J., via email). 

@ The speed ratings are a bit confus- 
ing but in essence, each port is only 
capable of 100Mbps. You can be pretty 
sure that the mains Ethernet approach 
will work. However, if you are not sure, 








perature resistance of about 40Q, so 
there is still some limited soft start 
functionality but not as designed or 
for safe use. 

The other components of the cir- 
cuit are undamaged. The relay coil 
and contacts test OK. The ducted- 
vacuum motor still works normally 
without the Soft Starter and draws 
up to 6A on full load as originally 
purchased. The initial start-up cur- 
rent is of course much higher hence 
the benefit of using a Soft Starter. 

The vacuum motor has a light 
load at start-up but a moving-iron 
ammeter flicks up to at least 15A, so 
perhaps depending on the instanta- 
neous time of switch-on (eg, at the 
peak of the 50Hz waveform) it was 
eventually overloaded, especially if 
it had already begun to fail. 

The critical part of the kit is the 
Ametherm SL32 10015 NTC ther- 
mistor and I am considering using 
two in series as this would reduce 


there is probably nothing to stop you 
from trying the system out, eg, buy it 
and try it. If it doesn’t work, take it 
back for a refund. 


Programmable Ignition 
System for a VW Kombi 


I am building a Programmable Ig- 
nition System (SILICON CHIP, March, 
April & May 2007) and I wanted to 
ask a couple of questions. What is 
the output voltage level of the trigger 
signal that goes to the coil driver? It 
looks as if it would be 5V. 

This is because I want to adapt the 


WARNING 





the energy (power dissipation) in 
each thermistor to around 25%. 
Altronics have offered replacement 
thermistors. Is my use of the Soft- 
Starter within your design criteria or 
have Ijust been unlucky with a faulty 
thermistor? If not, can you please 
suggest a solution? (M. R., via email). 
@ The NTC thermistor is rated for 
15A continuous current. While a 
moving-iron ammeter probably 
doesn’t capture the full extent of the 
initial current spike, from the sounds 
of it that should have been within its 
capability. We suspect a faulty part. 

Your idea of putting two in series 
is worthwhile. That’s what we did 
in the SoftStarter for Power Tools 
(SILICON CHIP, July 2012) and it 
seemed to work well. We haven’t 
had any complaints of thermistor 
failure with that project even though 
people will be using it with power 
tools with similar ratings to your 
vacuum cleaner. 


set-up to coil-per-cylinder sequential 
charging and firing (only the cylinder 
in use gets a spark and this helps cool- 
ing and efficiency, etc). This would be 
easy to do with AND gates plus a 4017 
or latch type indicator to hold which 
cylinder is currently selected by the 
distributor. I noticed that the driver 
unit has provision for 5V (also logic 
level of course) drive signals. Perhaps 
there are other ways to do this but:it 
seemed quite efficient. 

Iam searching Jaycar for the Sensym 
module. Is this where it is to be found? 
The vehicle is a VW Kombi 1973 air- 

continued next page 


SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. All such 
projects should be considered dangerous or even lethal if not used safely. 
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ing on these projects use extreme care to ensure that you do not accidentally come into contact with mains AC voltages or 
high voltage DC. If you are not confident about working with projects employing mains voltages or other high voltages, you 
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Devices or circuits described in SILICON CHIP may be covered by patents. SILICON CHIP disclaims any liability for the in- 
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MARKET CENTRE 





Cash in your surplus gear. Advertise it here in SILICON CHIP 





FOR SALE 





tronixlabs.com — Australia’s best prices 
on a growing range of hobbyist and 
enthusiast electronics from adafruit, 
DFRobot, Freetronics, Raspberry Pi, 
Seeedstudio and more, with same-day 
shipping. 





Audio + Video: Professional quality 
Quest AV brand equipment is made 
and sold in Australia exclusively by 
Quest Electronics. Ph 0431 920 667. 
sales @ questronix.com.au 





PCB MANUFACTURE: single to multi- 
layer. Bare board tested. One-offs to 
any quantity. 48 hour service. Artwork 
design. Excellent prices. Check out our 
specials: www.idelectronics.com.au 





DIRECT FROM CHINA: Kinsten PCB; 
high-speed drill press, hookup wire. 
A$ prices www.kinsten.co; USD 
prices http://www.aliexpress.com/ 
store/130218 Low prices include post- 
age. 








SUPERBRIGHT LEDs: Cree, Avago 
etc plus generic LEDs for non-critical 
applications. Also kits, power supplies, 
components etc. We can order almost 
anything in! www.ledsales.com.au 


PCBs MADE, ONE OR MANY. Any 
format, hobbyists welcome. Sesame 
Electronics Phone 0434 781 191. 
sesame @sesame.com.au 
www.sesame.com.au 








PCBs & Micros: SILICON CHIP Publica- 
tions can supply PCBs and programmed 
microcontrollers for all recent projects. 
Order from our Online Shop at www. 
siliconchip.com.au or phone (02) 
9939 3295. 
———————————— 
SERVICES 

SS 
CONSULTING AND ENGINEERING 
SERVICES Pty Ltd specialises in the 
design and manufacture of electronic 
based products. We do volume manufac- 
turing and reverse engineering. Contact 
0247323310 or email nbsethna@ gmail. 
com to discuss your requirements. 


al 


KIT ASSEMBLY & REPAIR 


LL 
RF REPAIRS - Australia wide repair ser- 
vice of most two way radio equipment. 
Please contact us on (02) 4305 2301 or 
service @rfrepairs.com.au 








VINTAGE RADIO REPAIRS: electrical 
mechanical fitter with 36 years experi- 
ence and extensive knowledge of valve 
and transistor radios. Professional and 





reliable repairs. All workmanship guaran- 
teed.$10 inspection fee plus charges for 
parts and labour as required. Labour fees 
$35 p/h. Pensioner discounts available 
on application. Contact Alan on 0425 
122 415 or email bigalradioshack@ 
gmail.com 





KEITH RIPPON KIT ASSEMBLY & 
REPAIR: 

* Australia & New Zealand; 

* Small production runs. 

Phone Keith 0409 662 794. 
keith.rippon @ gmail.com 


WANTED 








WANTED: EARLY HIFls, AMPLIFIERS, 
Speakers, Turntables, Valves, Books, 
Quad, Leak, Pye, Lowther, Ortofon, 
SME, Western Electric, Altec, Marantz, 
Mcintosh, Tannoy, Goodmans, Wharfe- 
dale, radio and wireless. Collector/ 
Hobbyist will pay cash. (07) 5471 1062. 
johnmurt@highprofile.com.au 


Fee wna SSS sik Bey TET PD ETS EP 


f ADVERTISING IN MARKET CENTRE i 


| Classified Ad Rates: $32.00 for up to 20 w 
(minimum 2cm deep, maximum 10cm deep): 
I Closing date: 5 weeks prior to month of sale. To book, emai 


ords plus 95 cents for each additional word. Display ads in Market Centre J 
$82.50 per column centimetre per insertion. All prices include GST. 
| the text to silicon @siliconchip.com.au and include your I 





name, address & credit card details, or phone Glyn (02) 9939 3295 or 0431 792 293. 


wi rs la 


snl 


cooled 4-cylinder; a year before they 
went to fuel injection and sensors. The 
coils are Pertronix flame-thrower (2 x 
45kV, epoxy core, 0.62.) 

There are several points in its origi- 
nal vacuum advance system that could 
be used for the Sensym sensor. One is 
from the fuel manifold but I assume 
contamination would not be good for 
the sensor. 

@ The open-circuit output voltage 


siliconchip.com.au 


from the Programmable Ignition 
System is 0-5V. It may be difficult to 
arrange a system whereby the unit’s 
output was directed to power separate 
coils, depending on the distributor 
position. Each coil driver would need 
to be connected immediately after the 
firing of the previous coil in order to 
maximise the dwell period. 

The Programmable Ignition System 
does not have facility to provide a 


dwell period that is greater than the 
period between each trigger. In ad- 
dition, this period is reduced by the 
firing period minimum of 1ms. You 
will not gain any advantage from 
using separate coils unless you have 
each coil driver start to charge its 
coil immediately after its own firing. 
This extra dwell will cause heating in 
the coil once it is charged. A ballast 

continued page 104 
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Iowna Yamaha piano (as distinct 
| froma keyboard). The piano doesn’t 
| have enough output amplitude from 
| ‘Aux Out’ to drive an amplifier, 
| hence the need for a stereo preamp 
such as that described in April 1994. 
In the kit, three alternatives are 
offered namely: magnetic cartridge, 
| tape/cassette deck and microphone. 
| I’m assuming that the RIAA curve 
| would not be relevant and neither 
| would the microphone option. I 
| am intending to wire in the tape or 
cassette option. 
| Am I correct or can you sug- 
| gest another option for low output 
| pianos? (D. V., via email). 


"nS et SS 


resistor may be required to limit the 
maximum current in each coil. 

The Sensym ASDX015A 24R is hard 
to get. We recommend that you use an 
automotive MAP sensor. You can ob- 
tain new MAP sensors from: www.cy- 
berspaceautoparts.com.au/contents/ 
en-uk/d3721_Holden_Map-Sensors. 
html or from similar suppliers. 

A secondhand MAP sensor can be 
obtained from a wreckers yard. We 
used a standard V6 MAP sensor in 
our prototype. 








500W speed control for 


a 240V DC brush motor 


I have a 230-240V DC 500W brush 
motor that has been removed from a 
treadmill and I need to be able to vary 
its speed. Would the new 230VAC 
Speed Controller For Universal Motors 
(SILICON CHIP, February & March 2014) 
work on this motor? (A. C., via email). 
@ Yes, this motor speed controller 
works with 240V DC motors. However, 
we suspect that your treadmill motor 
may bea standard universal AC motor. 
This is a series-wound brush/com- 
mutator motor which will run equally 
well on AC or DC. 


Extra slaves for 


Micromite 


Can you have more than one slave 
connected to a Master Micromite via 
the I?C connection, as in Fig.8 on page 
73 of the June 2014 issue. If so,how? 

Also, have you considered modi- 
fying the 30A DC Relay project (No- 
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@ None of the suggested options in 
the article would be suitable. The 
RIAA and Tape options have fre- | 
quency tailoring and high gain while 
the microphone option has too much | 
gain. Your Auxiliary output should 
have 100mV or more and typically | 
250mV, so a gain of four would prob- 
ably be the maximum you need. 

We suggest the same arrangement 
as the microphone option with R4 | 
at 390Q and R1 a wire link. The R2 
value would only need to be 1kQ 
for a gain of 3.56. If you need more 
gain, use a 2.2kQ or 4.7kQ resistor; 
for less gain, use an 820Q resistor. 
Capacitor C2 can be 1nF. 


vember 2006) to have four or eight 
DPDT relays on one circuit board? The 
outputs could use header pins and/or 
screw terminals. A relay rating of 1A 
would be OK. I think this would be a 
useful to connect to a Micromite. (J. 
S., via email). 

@ Yes, you can attach multiple slaves 
to the one master. The only limitation 
is the number of I?C addresses that are 
available (112 devices). 

We do not have plans to modify the 
November 2006 project but yours is 
a good idea for the future. The board 
could also have inputs as well as relay 
outputs and could be controlled over 
IC. We will have a look at it to see if 
it’s feasible. 


Ultrasonic cleaner may 


be wired incorrectly 


I have purchased and assembled 
your Ultrasonic Cleaner (SILICON CHIP, 
August 2010) and have a few issues 
you might be able to help me with. 

After assembly, I did the first elec- 
trical check as per your instructions, 
removing fuse F1 and IC1 from circuit. 
The regulator voltage was within pa- 
rameters of 4.85V and 5.15V DC. The 
power light comes on but the unit 
won't activate when set to timer or start 
and the run LED won’t light. 

I have included some photos to 
assist. Your thoughts on solving this 
problem would be appreciated. (B. F.,, 
via email). 

@ From the photos you supplied it 
seems that only two wires are con- 
nected on the PCB for the timer po- 
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tentiometer. Depending on how this 
is wired to the potentiometer it will 
have an effect on the timer operation. 
It may be that the timer duration is so 
short that it finishes almost immedi- 
ately after the Start button is pressed. 

Check that pin 4 of IC1 is at 5V 
normally and then is at OV while the 
Start switch is pressed. Check also that 
all the IC pins are correctly inserted 
into the IC socket and not bent under 
the socket. St 
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DEVELOPMENT TOOLS | COMPILERS | BOOKS 





www.mikroe.com/click/ 








with 
perfect match for any project you are 


makes a 


working on. Just place your click board 
into the mikroBUS” host socket and it's 
ready to work straight away. Adding a 

to your development 


board was never So easy! 


www.mikroe.com/easypic/ 


Digital 
Calipers 


¢ 150mm 


¢ Hardened 
spring & legs | 


\ 


Inside Inside Outside 
Divider Caliper Caliper 


$9.90. $9.90. $9:90. 
8 (°8 |°8 
(Q634) — (Q635)——(Q636) 


Digital Calipers 
¢ Metric, inch 
& fraction 


4 
es 2S 
° 4-way measuring 
4 


¢ Includes battery 
150mm/6" = 200mm/8" 
$31.90. $49.50 


(29 (a4 


(M738) (M739) 


NIC Portable Video 
Inspection Camera - 3 Metre 


© 12.5mm camera with 1M cable 

¢ LED Lighting 

¢ Includes 2M ext. cable, magnetic 
pick up, mirror tool & carry case 


$165.00 


\$149 


(M697) 


WCH-6D + WRC-5D 
Workshop Series Tool Chest 
& Roller Cabinet Package 
¢ Ball bearing slides 

Protective drawer liners 

¢ Key lockable 

WCH-6D 

¢ 6 drawer tool chest 

© 600 x 260 x 340mm 

WRC-5D 

¢ 5 drawer roller cabinet 

© 616 x 330 x 762mm 


PACKAGE PRICE 
bbe) $259 (K004) 


Steel Rulers 


¢ Easy to read graduations 
* Metric on one side and imperial 
graduations on the reverse side 


150mm/6"300mm/12" 600mm/24" 
$660. $1430 $20.90 


6 (513 (519 (24 


(Q623) 


(Q620) (Q621) (Q622) 


10 piece 
Screw Extractor Set 


* Thread extractor range 
3/16" - 5/8" (M5-M16) 
* 10 piece set 


m ‘4 
$26.40 [Pe 


(22 ee 


(T870) 


GSP-795 

Pneumatic 

Round Stool 

* 675-795 seat height 

* 360mm padded 
leather seat 

* 360° seat rotation 


$99.00. 
\S89 


(A359) 


WBS-3D 


Steel Work Bench 

* 2000 x 640 x 870mm 

* 3 Lockable drawers 

¢ Bearing slide drawers 

* Huge shelf compartment 


$429.00 


EL 


(A380) 


AIN ACCESS TO: 
i ONLINE PROMOS dA 
J EXCLUSIVE OFFERS ‘ 

J TRACK om = 
LICK & COL 

1 PAPERLESS WARRANTY 

a] NEWSLETTERS 

al LATEST RELEASES 


q COMPETITIONS 


s & Prices are subject fo change without noti 


NSW 
(02) 9890 9111 


1/2 Windsor Rd, 
iy [o)sialaat=vo(o| 


TAWA male legal lal-ia’daleleki-Mece)aamele) 


1000mm/40" 


$26.40. 


$24 


Digital Angle Ru 
* 360° range y. 
* Stainless steel 

* Quick lock system 


180mm 280mm 480mm 
$33:00. $44.00. $49.50 


($29 (S39 (S44 
(M970) (M972) (M974) 


Metric Thread Repair Kit 
* Metric — 
M5 x 0.8mm 
M6 x 1.0mm 
M8 x 1.25mm 
M10 x 1.5mm 
M10 x 1.75mm 
* 130 piece set 


$63.90 


\$149 


(T100) 


Precision Jobber Drill Sets 4. 
Precision ground flutes ey 
HSS M2 bright finish 


25 Piece Metric (D1272) 
¢ Range: 1-13mm 

¢ 0.5mm increments 

29 Piece Imperial (D1282) 
¢ Range: 1/16 - 1/2” 

¢ 1/64” increments 
$90-20. 


$88.00 


79 (°79 


(D1272) (D1282) 


ATBG280/6 
Industrial Bench Grinder 


* 150mm wheels 
¢ Fine/coarse grit 
¢ 1/3hp, 240V motor 


$110.00 


(599 


(G150) 
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70-630 
Double Ended Scriber 


¢ 190mm hardened steel 


(re 


$9:90 
$ 


(Q630) 


70-631 


Pocket Pen Scriber 
* 150mm carbide tipped 


$20:90. 
$1 8 (Q631) 


Engineers File Set 

Second Cut 

¢ 200mm hardened and tempered files 

* Second cut: Flat, 1/2 Round, Round, 
Square, Triangular 

* Inc. carry case 


$31.50. 


25 


(F100) 


EDBD-13 

Drill Sharpener 

* 3-13mm or 1/8”-1/2” _ cclilitamsaseaatee 
* Diamond wheel gE 

* Split point 

¢ 80W, 240V motor 


$99.00 


(589 


(0070) 


SPD-20B 

Pedestal Drill 

¢ 16mm drill capacity 

¢ 2MT, 16 spindle speeds 
* Swivel & tilt table 

¢ 1hp, 240V motor 


$363.00. 


|$349 


(A380) 


NON Ko) (oypys 


Note: Discount vouchers are valid for online purchases only 


(07) 3274 4222 


625 Boundary Rd, 
Coopers Plains 
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Belmont 


08_SC_310714 





